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HLA BIWDTWG PEPTTt»RS AWn n^jj^ ^rfir 
The present application is a continuation in part of 
tJSSM 08/027,746 Which is a continuation in part of ussN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers, m 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) moi^crbles and 
inducing an immune response. 

MHC molecules are classified as either class i or 
Class II molecules. C^ss II MHC nolecules are feacpfeised 
primarily on cells involved in initiating ind sustaining 
immune responses, such as T lymphocytes, B lymphocytes 
macrophages, etc. Class II MHC molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphoc^es and amplification of the immune response to the 
particular immunogenic peptide that is displayed, class I MHC 
molecules are expressed on almost all nucleated cells aiid are 
recognized by cytotoxic T lymphocytes (CTLs) , which th^n 
destroy the antigen-bearing cells. CTLs are particularly 
^ortant in tumor rejection, and in fighting viral indfetions. 
The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 
xntact foreign antigen itself. The antigen must normally be 
endogenously synthesized by the cell, and a portion of t 
protein antigen is degraded into small peptide fragment- n 
the cytoplasm. Some of these small peptides translocate into 

If^^^"""^ ^ heavy Chains 

to facxlitate proper folding and association with the subunit 
B2 mxcroglobulin. The peptide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 
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Investigations of the crystal structure of the human 
MHC class I molecule, HIA-A2.1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al.. Nature 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al.. Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al.. Nature 
351:290 (1991) have developed an approach to characterize 
natiirally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., HatMr? 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by ROtzschke and Falk (Rtttzschke 
and Falk, TTnTn^nr.] , Today 12:447 (1991). 

Sette et al., Proc. Natl. Acad. Sci. USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl , 
Agad. ggj. TTffft 86:4649 (1989) showed that MHC binding was 
related to immunogenicity . Several authors (De Bruijn et al., 
Evirt Jt IfflwynPl ./ 21:2963-2970 (I991) ; Pamer et al., 991 
liafeUES 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motifs can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles should be high enough to cover a large fraction or 
perhaps the majority of the human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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SjnSV^Y ^Ff ^aE IMVENTioir 
Th^ present invMt^^^ 
immunogenic peptides havinigr binding motifs for MHC 
^ aolecules. Thft imnunograie ^peptides iire 't^ically 
between about 8 and about li residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HIA-A3.2 comprises from 
the N-terminus to C-terminus a first conserved residue of L, 
M, I, V, s. A, T and F at position 2 and a second Conserved' 
residue of K, R or Y at the G-terminal end. Other first 
conserved residues are G or D and alternatively e. other 
second conserved residues are H or F. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. 

The motif f or HLA-Al comprises from the N-terminus 
to the C-terminus a first conserved residue of t, S or m, a 
second conserved residue of D or E, and a third cbnserved 
residue of y. other second conserved residiies are A, s or T. 
The first and second conserved residues ere adjacent 'and are* 
preferetbly separated from the third conserved residue by € to 
7 residues. A second motif consists of a first Conserved 
residue of E or D and a second conserved residue of y where 
the first and second conserved residues are separated by 5 to 

6 residues. . 

The motif for HLA-All comprises from the N-terminus 
to the C-terminus a first conserved residute of T or V at 
position 2 and a C-terminal conserved residue of K. tWie first 
and second conserved residues are preferably separated by 6 or 

7 residues. j 

The motif for HIA-A24.1 comprises from the N- 
termihus to the C-terminus a first conserved residue of y f 
or W at position 2 and a q terminal conserved residue of F I 
W, M or L. The first and second conserved residues are ' ' 
preferably separated by 6 to 7 residues. 

- Epitopes on a number of potential target proteins 

can be identified in this manner. Examples of suitable 
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antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanoma antigen (MAGE-l) Epstein-Barr virus 
antigens, human immunodeficiency type-1 virus (HIVl) and 
papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivn 
therapeutic and diagnostic applications. 

Definitions 

The term «peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or lo residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specif ic motif such that the peptide will 
bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A "conserved residue" is an amino acid which occurs 
xn a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specif ic' pockets of the groove itself. 
Typically, an immunogenic peptide will comprise up to ^ee 
conserved residues, more usually two conserved residues. 

AS used herein, "negative binding residues" are 
ammo acids which if present at certain positions will result 
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"^^h m^^i^^^^^^^^^^ ^^Poor binder and in turn fail 
to induce a CTL response despite the presence of the 
. ^^^^^^^'^9^^?;^xM^i^xx&8 within the peptide. 

- ''"'°tif" refers to the patt^ of residues 

in a peptide Of defined length, usually about 8 to about ii 
amino acids, which is recognized by a particular MHC allele 
The peptide motif s are typically different for each human Miic 
allele and differ in the pattern of the highly conserved 
residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative binding residues present 

The phrases -ispiated" or "biologically pure" refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its native 

-ter^ ,3opiated with their in ^ environment, 

e.g.,^MHC I laolecules on antigen presenting cells. Even where 
a^protexn has been isolated to a homogenous or aominant ba^r 
there are trace contaminants in the range of 5-10% of native 
Protein Which cp^urify with the desired prot. in. ^o^^ 

^ Z^'-^^'^'^ --'^-^ — — 

acid ml»^^' ^residue, refers, to an amino acid or amino 

acid mametxc xncorporated in an oligopeptide by an amide bond 
or amide bond mimetic. "xae oona 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a flow diagreun of an HLA-A purification 

scheme . 

Fig. 2 is an SDS-PAGE analysis of affinity purified. 
HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 

Lane 1 - Molecular weight standards. 

Lane 2 - A3. 2 acid eluate 

Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution /I 

Lane 5 ~ Base elution /2 

Lane 6 - Concentrated base elution 1 

Lane 7 - Concentrated base elution 2 

Lane 8 - BSA - 10 /*g 

Lane 9 - BSA - 3 /tg 

Lane 10 - BSA ~ 1 ng 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
peptides . 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of fi^ microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent Kp of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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> . I . . X,. .^Hr.MM^'^^^.m^^^^ 9fi binding to MHC Al 
confirming an apparent of 2lnll^. ^ ; . 

Pig. 12 shows the binding of two peptides of this 

, ^ as measured 

5 by % bound reactivity. 

. ^^9' 13 shows the dose dependent inhibition of 

binding to MHC A24 with the addition of unlabeled peptides 

bln^i . "'^^ "^^"^ ^^^^'^ scatchard Analysis of 

binding to MHC A24 of the two peptides confirming a L 30 
10 and 60nM, respectively. ^ oz 30 

" ^^^^^'^ on MHC class 1 molecules Of 

^^'^^ and a peptide of choice on acid-strippeT^:. 

" CTL indwction using GC43 A2 1 

responders «d aut=lo,ous acld-strlpped pbmc. or pbL blasts 
loaded with th. 777,03-924.07-927.32 peptide pool. 

"9- " *?ws CTL induction using X3S1 br X3S5 M , 

prX'^LV"" "'^ ^ "«.04.1044.0S-l,44roT 

Fig. 18 shows CTL induction using GG49 A2 1 
^^^TT" '^^^-^^ Acid stripped PHA blasts as 
stimulators after loading with 939.03. peptide. 

shows CTL induction usina GCfis ai 

« -" autologous acid stripped PBMCs as sti^^l"".^^^^ 
loading of peptide 938,01. 

Pig. 20 illustrates the lysis of 
target^ endogenous t^^^^ 
I activated PBMCs loaded with a HAGE 3 peptide. 

Pxg. 21 shows a comparison of the »r.<^ -4. ^ , 
with the cold temperature incubatio^. '^"'^ 

neni-.H . ^ ^ "sPPnse to an immunogenic' 

peptide for MAGE/aii. ""ogenxc 

.35 .-Ptide J'^JL'^^' " '° 

P.ptide^orla,/^'''""'' ' '"'""^ *° i^unogenic 



wo 94/03205 



PCT/US93/07421 



8 



Fig. 25 shows a CTL response to an immunogenic 
peptide for HBV/Al. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specific peptide motifs for human Class I MHC 
(sometimes referred to as HIA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a nximber of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis c antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-i) 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals as 
well as for their capacity to induce primary in vi^ or in 
ilV2 CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A 
B, and C loci. HLA-A and B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 

ITTolTT ''."^"^ Significantly lower (perhaps as much as 
10-fold lower) . Each of these loci have a number of alleles 
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15 



The peptide binding ji><,|:lfs of the invention are relatively 
specific for each allelic subtype. 

Fori Peptide-based vkccines/ t^^ the 
present invention preferably coi^prise a motif recognized by an 
MHC 1 molecule having a wid4 distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choxce Of target MHC allele may depend upon the target 
population. Table i shows the frequency of various alleles at 
the HIA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 

four HIA-A allele stibtypes 
specifically HIA.A2.1, Al, A3.2, and A24.1. Similarly, the 
majoraty of the Asian population is encompassed witli the 
addition o? peptides binding to a fifth allele HIA-All 2 
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TABLE 1 



A Allele /Subl^vpft Nf69^ * 



Al 

A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A3 2 
AW33.1 
AV33.2 
AW34.1 
AW34.2 
AV36 



10.1(7) 
11.5(8) 
10.1(7) 
1.4(1) 



1.4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 



1.4(1) 
4.3(3) 
7.2(5) 

10.1(7) 
1.4(1) 
1.4(1) 

10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 
14.5(10) 

5.9(4) 



Mill 

1.8(1) 
37.0(20) 
0 

5.5(3) 



0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 



9.2(5) 
3.7(2) 

1.8(1) 

7.4(4) 
16.6(9) 



Cf502^ 

27.4(138) 
39.8 (199) 

3.3(17) 

0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



presented to the left (the H-ter-i„us, end the carbo^Hroup 
to the right (the C-ter»inus, of ..=h ..i„o acid rescue xn 
the formulae representing selected specific .»hodi«nts "f 
present invention, the a.lno- and carhoxyl-tennlnal^Lps 
although not specifically shown, are In the for. they Zl. 
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gMierally MprM^ted by standard thritf lettir 6^ slrole 
lat:t«r d^lgnations. the t-f <,r» of « amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a low«r case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as -Gly- or G 

The procedures used to identify peptides o't the 
present invention generally follow the methods disclosed in 
Palk et al., BatBES 351:290 (1991), which is incorporated 
herexn by reference. Briefly, the methods Involvriar^^f^oale 
isolation of MBC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 

isolation Of the desired MBC molecule equally well k„„™ * 
the artisan include ion exchange chroma^a^^ 
^omatography, si« e»l„sion, high per^^ l^^^ 

„w , ""^ °t "lis "ith defined MHC molecules 

available. Per example, human EBV-transformed 8 cell li^as 
have been shown to be excellent sources for th. ^ 
isolation Of class X and class ll «.c llZT^ 

<^^"l::^t "'"-^^^ private and 

Hockville, Maryland, a.s.A.,; Hational Instate of c 

Hedical sciences 1990/1991 catalog of CeU^!! 

G«.etic Mutant cell depository, cLdln! 

Keposltory, Bingham and Women's Hospital « T 

Boston. «» oaiis. Table 2 lists IIL^ ^L ZT^' 

for us. a. sources for HL*-a alleles! aTi of ^ 

=« be^own in large batches and ar; .h^:e::r."ul%urL""" 

large scale production of MHC molecules o«o * 

..cogni^e that these are merely exeT^L^ T.^IZ'IT^.. 
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many other cell sources can be employed. Similar EBV B cell 
lines homozygous for HLA-B and HLA-c could serve as sources 
for HLA-B and HLA-C alleles, respectively. 
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(HLA-A SOORCES) 



10 



15 




A2.1 



MAT 
COX (9022) 
STEIHLIH 
(9087) 



20 



A3. 2 



EHH (9080) 

H0301 (9055) GM3 107 



25 



A24.1 



K3'3(9ib7),TISI (9042) 



30 



35 



All 



BVR (6M6828A) 

NTIOO (GM8602) -WT52 
(6H8603) 



40 



45 



50 



In the typical case, iB^lBunopreciDlta^^«« < 
isolate the desired I ""°P^®=^Pita^ion is used to 

-olaculas. several ' ' ^"'^ 

targeted HIA-A all.i... '""^ «*e-' 

use! ..r Se di^ec: r:;jr'"'r^' available tl«t ^ 

te=tal,pias „e succe!^!;, "^^"^ standard 

HI^-A ^l,Xe pr::::::! '° «>• respective 

reactive a'i-HS!^",^^":^^-'-^"^^ -roadXy 

A, B, c „M,s, such as w«/32 and B9.i2.l, and 
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one anti-HLA-B, C aAb, Bi.23.2, could be used in alternative 
affinity purification protocols as described in the example 



section below. 

TABUS 3 
ANTIBODY REAGENTS 



anti-HLA 



Name 



HLA-Al 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

aonomorph ic 
HIA-B,C 

nonomorphlc 



12/18 
GAPA3 
All.lM 
W6/32 



(ATCC, HB122) 
(ATCC, HB164) 
(ATCC, HB95) 



B9.12.1 (INSERM-CNRS) 
B. 1.23. 2 (INSERM-CNRS) 



th. • , P^P'^^^^^ ^^^^'^ ^« Peptide binding groove of 

Sea^ r ^'""^^ ^^--^^^ usxnracid 

treatment. Peptides can also be dissociated from clLs i 

llTln dlt! ^^T' °' <>enaturing means, such as 

heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

P.ptide fractions are further separated f ro» the mbc 
.olecules by reversed-phase high perfornanoe li^id 
Chromatography (HPLC) and sequenced. Peptides can be 

the artisan, including filtration, ultrafiltration 
electrophoresis, size chromatography, precipitatio; with 
specific antibodies, ion exchange chroBatography 
isoelactrofocusing, and the like. 
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^ceordl«g to Standard techniques .^u^ .as ;B;djnan ^degradation 

""^^y .><^th9dfi 1^7^01, 395 [1983]) . 

> sp<ectromet3?y sequencing of individual peptides as previously 
described (Hunt, et al. , Scifipcfe 225:1261 (1992) , which is 
incorporated herein by reference), Amino acid sequencing of 
buuc heterogenous peptides (£^, pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
seijuence motif for each class I allele. 

Definition of motifs specific for different class i 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
epitopes is initially carried put using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
capacity to bind HHC Class molecules is measured in a variety 
Of different ways. One means is a Class X molecular binding 
r"''.r.T*"^'*'^ in Example 10, below. Other alterhativel 
described in the literature include inhibition of antigen 
presentation (Sette, et al. , j. iB,Tp,^no1 ,. 141:3893 (1991) m 
^assei^ly assays (townsend, et al. , S2:285 (1990^ 

and^FACS based assays using mutated ells, such as Rma.s 
(Melief, et al., Eur. J. T^».in»-| 21:2963 [19913). 

^^^''^'^^^ "^^^ positive in the MHC class I 

bxndxng assay are assayed for the ability of the pep^des to 
induce specif ic CTL responses in vitrp. Pc. instLce, 
antxgen^presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
xn responder cell populations.^ Antigen-presenting ceils 
b, normal cells suPh as peripheral blood mononuclear cellar 

BoT r 166:182 (198:)? 

Boog. Eur. J. r^^m^f 18:219 (1988]). 

deficient f "^^^^^^^y- mammalian cell lines that are 

def xcxent in thexr abilitir to load class I molecules with 

^r^K^rTT as, the mouse cell lines 

RMA S (Ktoe, et al.. u^t^. 319:675 (1986); L^unggren, et 
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alw emrt ^, TmTn^mol . 21:2963-2970 (1991)), and the human 
Bomatic T cell hybridoma, T-2 (Cerundolo, et al.. Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
5 peptide is added to them, to test for the capacity of the 
peptide to induce in Vitrg primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silJcworm (ATTC CRL 8851) 
) armyworm (ATCC CRL 1711), moth (ATCC ccL 80) and Drosophila' 
cell lines such as a Schneider cell line (see Schneider 
EffibrVPl, Morphol . 27:353-365 [1927]). That have been 

transfected with the appropriate human class I mhc allele 
encoding genes and the human microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with lO-lOO ^ of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
for 7 to 10 days under optimized culture conditions. 
Posxtive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I 

. speciric CTL responses are referred to herein as 

immunogenic peptides. «erein as 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or isolated 
from natural sources such as whole viruses or^umors 
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. ^^^m^^^^ahly^ m si^m^My trBe of 

5 or peptides can be a variety of lengths ; either in their 
neutral (uncharged) foras or in foras which are salts, and 

°' modifications such as glycosylatlon, side chain 
oxidation, or phosphorylation or containing these 
^ modifications, subject to the condition that the modification 

"2 rr^ r ^^^^^^^^-^ ^^^-^-^ polypeptides 

herein described. 

K., , peptide win be as smIX as possible 

wblle still nai„t.i„i„, substantially all bf the biologiLi 
activity Of the large peptide. Wben possibi*. it 
15 desirable to opt^ze peptides of the i„**„€io„ to /lenoth of 
9 or 10 aalnp acid residues, co,«e„sur.te in size with 
«dogehously processed viral peptide, or tumor cell peptides 

,„ , P'""' '*« <>«ired activity jMy W^ -^^ 

" as necessary to provide ^i„ „asi«d ettrlLlZ V o ' 

: al^n^ r^°°'^'"* ^-racteristic.,- While incr^all;, or 
at least retaining subst«,tially all of the biologlcil 
ectivlty Of the unmodified peptide to bl™. the disired HHC 
-lecul, and activate the appropriate T cell, p" iSti^oe 
« the peptides «y be subject to various changss, 

-ubstituticns, either conservative or no„-Jn4erV^Svf where 

ZT str:: =-ai„ adv.nt.,es1n |;e""' 

use such as improved HHC binding. By coneerWtiv. 
^ substitutions is meant replacing an amino acid reSdue with 
»0 another which is biologically and/or chemically si^^ 

one hydrophobic residue for another, or one^L^".^!^' V 
mother, ^e substitutions includ. combinatlTrsu'S «'ci;: 
Ale, val, lie, Leu, Met; Asp, Olu, *sn. Gin, ser, Thr- i." 
^ Arg, „d Phe, Tyr. The effect of single «^no acid^' ' 
5 substitutions may also be prob«, using ..-amino «iL 

modificat^ohs may be made using well known piptidfs^t^e^ 
procedures, as described in e o m.,^.,..,^ f "^^^ 
347 fi9»«v » >■ in e.g., Merrifield, SSiSDS& 232:341- 

(1«6, , Barany and Merrif leld, IU^-EseW^s an^ 
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10 



15 



Meienhofer, eds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Phasf. fiyn^^^^.-j^ (RocXford, 

111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be modified by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins 
such as L-a-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as fl-7-*-amino acids, as 
well as many derivatives of L-o-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
20 electrostatic charge, hydrophobicity, etc. on binding. For 

instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., gIu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
25 cell receptors, m addition, multiple substitutions using 

small, relatively neutral moieties such as Ala, Gly, Pro or 
similar residues may be employed. The substitutions may'be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
30 necessary between essential contact points and certain 

functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . increased- binding affinity for an Lc 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide. 
»5 in any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid for 
TiZln' interference which might disrupt 
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Amino ac^d^, ^ptitutions are typically of single 

JT^?^-^^ ^^-^^.i^^^^^or any 

co»a,i5iat:ioh-thereof may be combined to a«?ive at a final 
peptide .si^bstitutional variants are those in which at least 
one residue of a peptide has been removed and a different 

Zl tll ^""^ substitutions generally 

are made in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide 
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TABLE 4 

Oriqina] Residue 

Ala 

Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Gly 

His 

lie 

Leu 

Lys 

Met 

Phe 

Ser 

Thr 

Trp 

Tyr 

Val 



Exemplary Subst^i fy^j^n 
ser 
lys 
gin; his 
glu 
ser 
asn 
asp 
pro 
asn; gin 
leu; val 
ile; val 

arg 
leu; ile 
met; leu; tyr 
thr 
ser 
tyr 
trp; phe 
ile; leu 



0 



mW>3^ '<--Pcf/l/S93/07«l 

21 

. . cell .receRtors) lare aiadfe^-^eleating 

. , , !^^^tiill^ aess . coiiseryatiVe^tto tSib^e in Table 

i>e;, ;^l^i«9r r^iaiues that ^dljff er »b^e i„ 
^elr^ef^^c^ on maintaining (a, the structure the peptide 
bacdcbone in the area of the substitution, for exaaple as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity Of the molecule at the target site or (c) the 
bulX Of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue 
e.g. seryl is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoieucyl, phenylalanyl, vaiyi or alanyl; (b) a 
resxdue having an electropositive side chain/ e.g., Wsyl 
arginyl, or hist idyl, is substituted for (or by) \n 
elertronegatiye residue, e.g. glutamyl or aspartyl; or (a) a 

Wf ' — ^ ^-^^ PhenylalLine: il 

^1^^^^^^ "-"^ • Side bhain; e.g.. 

The peptides may also comprise isosteres of two or 
^^^^ Allogenic peptide. Ah iscter^^" 
defined here is a sequence of two or more res idii^ that can ^ 
substituted for a second sequence became the st^i^ 
conformation of the first sequence fits a binding site 
specific for second sequence. The term specifically 
inclu^s^pegide backbone modification. Well XncW.^%o tLse 
Skilled in ^e ar^:. Such nodif icaticrts ihcll«ie m^^ 
Of the amide nitrogen, the a-carbon, amide carbonn c^o^It! 
rep^c^.ht Of the amide bond, extensions, del^^o^ 

rweijistein^r, 1^8^/^^ ^^' P*^Pti<1^«^ and 1>rot^ii)z . Vol. Ini 

^ir,.^, Modifications of peptides with various amino a- d 
»xmetics or unnatural a^ino acids are ^particularly use^l 
increasing the stability of the peptide ""^^^ 
can be assayed in a number of wavs f«,. V«Ik "^J-ity 

ana v„i„„» .,o,^,^, 2^Jz^^ ::r""" 
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Eur, J. Drug Metab PharmaeokiT^ , 11:291-302 (1986). Half life 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled hximan serum (Type AB, 
non-heat inactivated) is delipidated by centrif ugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amxno acids, it will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer . When present the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
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■ v'^'?^'^ iirts ^may =*HB de^isfiWl&^to include in 

1§e,pi?r|»ac^^ the IR^^n^il least one 

,90»|oe§pt,,Wfti.ch.:assistsdinF^^^^^ be^n 
|d«|tif J^d as agei^s scaiMsiie^bf CT^ 
ilisffi against viral antigens. For exanple, palititit: acid 
residues can be attached to the alpha and epsilon akino groups 
of a Lys residue and then linked, e.g. , via one or inore 
linking residues such as Gly, Gly-Gly-, ser, Ser-Ser, or the 
like, to an imaunogienic peptide. The lipidated peptide can 
then be injected directly in a nicellar form, incorporated 
into a liposome or emulsified in an adjuvant/ e.g., incomplete 
Preund's adjuvant. In a preferred embodiment a particularly 
^^^^ctivG immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 
linkage, e.g., Ser-Ser, to this amino terminu^ of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Et 99li lipoproteins, such as 

tripaiadtoyl-s-gli^cerylcysteinlyseryl-serine (P3CSS) can b^ 
used to prim^ virus specific CTL when covalently attached to 
ah appropria^ peptide, see, Deres et ai., HaSaiE£ 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 
priiie a CTL response to the. target antigen. Further, as the 
induction of neutralizing antibodies can also bfe primed with 
P3CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to 
infection. 

m addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, br the like, Amino 
acids SHch as tyrosine, cysteine, lysine, glutamic or aspartic 
acxd, or the like, can be introduced at the c- or N-terminus 
of the peptide or oligopeptide. Modification at the c 
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terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natiural sequence by being 
modified by terminal-NHj acylation, e.g., by alkanoyl (C1-C20) 
or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phase Peptid e Svnthgsi« ^ 2d, ed. , 
Pierce Chemical Co. (1984), suora . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally, in Sambrook et al. , MPlecular rioninr.. a r..K»^^.>,^. 
Maimal, Cold spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope . 

AS the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al., 
J. Afflt Ch^Tn , Por . 103:3185 (1981), modification can be made" 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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, ^^^^^J^^ W m^±m^^ «or e3^«fe¥ibir^f the fusion 
f^^^f a*?ding, ^egu^qetw^3s.bfe.^,^^ operably 
. J-^^ ^^ m.^ 99^m^, piromoter thrUm^ regions 

vector for expression in the desired cellular host; For 
example, prompter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding s^juence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts, of course, yeast or mammalian cell hosts may 

also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention ahd 
Pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, pa^lcularl^ tl\^ 
and/or prevent viral infection, and cancer. Ek^Us of 
diseases whi^ can b^ treated, using the Immunogenic peptides 
Of th^ ^nyentipn include prostate cancer, ^^h 
hepatitis c, A^DS, renal carcinoma, cervical carcinoml, 
lymphoma, CMV and condli^^^ 

« ^^'^ P^'^^*=^"^^*?^* ^^^ositions, the itonunog^^^ 

peptics Of the inve„tion .are administered %o an ind^I^. 

"^^^r^^^^^-^^^^^^ infected with th^ Virus of 

treated With the immunogenic peptides 
separately or in conju^ctipn with other triiat»L.tB 
appropriate. i„ th.rap.atlc applioations, coi.po*ltl6ns are 

effective CTL response to the virus or tu«,r antigen to 
=«r, or at l«st partially arrest symptoms and/or 
«-Plicatlons. An «punt .d«^te to acco^iish this is. 

effective for this us. will a.p.„d on, ..g., th* p.ptiae 
coinposxtion, the Mnner of adninlstration, the stTrif"! 
ssverity of th. disease being treats,, th^ weighrSd^! , 
state o| health Of the patient, ^ the Judg^e't of Ih! 
prescribing Physician, but generally rang. ITr L! i^tial 
i-un«ation (that is for therapeutic or prophy^^ti^ 
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-iMlnlstration) fro» about l.o m to about 5000 of peptide 

aL^ut' To" T^^' ^os.Sof LV 

about 1.0 to about looo of peptide pursuant to a 

^r^rli^r? """"" *° """""^ depending upon the 

p.tx«.t s reaponae «,d condition by »eaeurlng specific CTL 

^" P^ptid:.''^'"""'"* " ^ ''^^ ^" -"^«.at 

^e^r^ r present invention .ay 

generally be e-ployed In serious disease states, tbat is 
life-threatening or pot«,ti.lly lif. threatening situations 
m such cases, in view of the .ini.ization of eLaneous 
substances and the relative nontoxic nature of the Te^^^s 
it is possible and .ay be felt desirable by the treLfng 
Physician to adainister substantial excesses of these oLiH 
compositions. aiese peptide 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detects „ 
removal of tumors or shortly after L^^^os" in^e" 
.cut. infection, ^is is followed by L:sting"do«s^" i", 
least symptoms are substantially abated and for a period 
thereafter. Xn chronic infection, loading doses folloM by 
boosting doses may be required. loiiowea by 

Treatment of an infected individual with th. 

^^^^ 

The peptide compositions can also be used »k 
treatment of chronic infection and to stimulate "e "u 
system to eliminate virus-inf acted cells in ca^u' 

I BUimuiate a cytotoxic T cell resnone<=> 
treatment of chronic infection, a represen^at^T doslt ' i^" 
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^%^f^,,i^r^9m^^T0 preferably about 5 

.<:nMJ^m ^J?r.#-?P Jcg^^ati^ ,*er dt>ie;''^^iyi^i2i„g doses 
. ^^''^X^.M.M^m^^^^ at esl^bmhea iiitet^ls e.g 

proloiiged period of time to effefctively inmunize ah 
individual, in the case Of Chronic infection, administration 
Should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

Tlie pharmaceutical compositions for therapeutic 
treat»>^t are intended for parenteral, topical, oral or local 

^^E^'^^".^'^"^''''^' «»-P»»arm^<:eutical co^ositions 
are administered parenterally, e.g., intravenously, 
subcutanec«.sl3^, Thus, the 

Wntion j,rovijles competitions fcr p^enterai administrltion 
Which comprise a solution of the immunogenic peptides 

«»==ePtable carrier, preferably an 
agueous carrier. A variety of agueous carriers m!y be 
e^. , water, buffered water, 0.9* saline, 0.3* glycine 
^u^nic acAd and the like. Thes. compositidns^ L 
sterilized by conventional, well known sterilization 
technigues, or may be sterile filtered. The resuivVw« 

lyophillzed pr.paration b.tegi combined with a .teril. solution 
prxor to .d«i„ist^.tio„. Ths coinpositlons »ay c^tain 
Ph.r*acauticlly acceptable -uxill.^ Substances « required 
to approximate physiological condltlohs, sueh a. pH l^^T 
«d bur,erl„, agents, tonicity adjustm; agents ^Lt^^ 

lactate, sodlu. chloirlde, potassium chloride, calciua 
Chloride, sorbitan nonol.urate, triethanolaalne oleate eV= 

i«Venti6n?^^"""'"'"°" °' en. sti^lato^ peptides „r the 
n^^r ? B'»?™^*?':ical formulation, cah vary widely 

seill^ " "* *° weight, and Will be 

select«^.i,raMrily by fluid volumes, viscosities, etc in 
accordance with the particular .ode of administratL^^ ' " 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the liJce. in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. Rlophv>.. bi^^ht 9:467 (1980), u s 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously 
locally, topically, etc. in a dose which varies according to 
intSE alia, the manner of administration, the peptide being ' 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example 
Pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
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» Cprned by incox^oirafein^ a^^ of t^ie formally 

5 and generally 10-95% of active ingredient, that isj, one or 
jnore peptides of the invention, and nore preferably at a 
concentration, of 25%-75%. 

For aerosol administration, the inmunogehic peptides 
are preferably supplied in finely divided form along with a 
) surfactant and propellent. Typical percentages of peptides 
are 0.0l%.20% by weight, preferably l%-io%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellajit. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to i2 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linpleic, linolenic, olesteric and oleic acids with an 
aliphatic poiyhydric alcohol or its cyclic anhydbride. Mixed 

«»»<?^ »ixed or natural glycerides may be employed 
The surfactant may constitute 0.l%-20% by Weight of the 
composition, preferably 0.25-5%. The balance of the 
composition is ordinarily propellent, a carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
dielivery. 

In another, aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
i>munogenically effective amount of an imiaunogenic peptide as 
described herein . The P.eptide(s) may be introduced into a 
host, including, humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units, such a 
polymer has the advantage of increased iimunblogical reaction 
and. Where different peptides are u^ed to make the polymer 
the additional a^lity to induce antibodies and/or CTLs thTt ' 
react with different antigenic determinants of the virus or 
■tumor cells, usem carriers are well known in the art, and 
include, e.g., thyroglobulin, albumins su8h as bovine serum 
albumin,^tet^nus toxoid, polyamino acids such as 
poly(lysine:glutamic acid), hepatitis B virus core protein 
hepatitis B virus recombinant vaccine and the like The ' 
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vaccines can also cont:ain a physiologically tolersUale 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Frevmd's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials well 
)cnown in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 
defined to be an "immtmogenically effective dose." m this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about l.o 
/*g to about 5000 Atg per 70 kilogram patient, more commonly 
from about 10 ^g to about 500 mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For thierapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 



'y-pGr/tS93/07421 



31 

J % ifnuQizatlpn-p^^^ ax^mdsicSitLbBd in, e.g., U.S. 

I^^^f^^ vector is BC® (flaciiie calmfetito GuWin) ^^ ^BfiG vectors 

is incorporated herein by reference. A wide variety of 
pUier vectors useful for therapeutic adaiinistratiori or 
iamunization of the peptides of the inventibn/ e.g., 
galagnellfl iaOilll vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
inf ect:ions (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respoiid to a peptide vaccine approach of therapy, ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the apprc^piriate immunogenic 
peptide. After an appropriate incubation tiiae (typically 1-4 
veeks), in Which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back ihtb the 
P^itient, whe« they will destroy their specif ic target cell 
(an infected c^l^ or a tumor cell). In order to oiJtimize the 
in vitro conditions for the generation of specific cytotoxic T 
cells, the culture qf stimulator cells ife miintaine^ in an 
appropriate serum-free medixim. - 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8+ cells; an amount 
Of antigenic peptide is added to the stimulktor <^li c^ilture 
Of sufficient quantity to become loaded onto the human Class' I 
molecules to be eacpressed on the surface of the stimulator 
cells . in the present invention, a sufficient amount of 
peptide is an ^ount that will allow about 200, and preferably 
200 or more, human Class r mhc molecules loaded with peptide 
to be expressed on the surface of each stimilator cell 
Pre^era^ly, the stimulator cells are incubated Wii^ >20Mg/ml 
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Resting or precursor CD8+ cells are then incxibated in 
culture with the appropriate stimulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte : stimulator cell 
ratio is in the range of about 30: i to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL 
particularly in primary immune responses. While small Amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(PCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
ma^or histocompatability complex molecules on cells allows the 
induction Of primary cytotoxic T lymphocyte responses. Peptide 
loadxng of empty major histocompatability complex molecules on 
rlspL^""'' -^--^<= - ^-P-cyte 

MHC allele, xt xs advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC, 
followed by loading the resulting empty MHC molecules with the 
xmmunogenxc peptides of interest. The use of non-transf orm^ 
(non-tumorxgenxc) , non-infected cells, and preferably 
autologous cells of patients as APC is desirable f or\he 
desxgn of CTL induction protocols directed towards development 
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WO5^/03205 PCr/£JS93/07421 

. '^'^^.'^^ f^*?ief...d^is^appiica1:i^n Siscii^cs methods 

from the 

^^-^^.I^^lo^ ^d^irdd ^ptides. 

■••■,'?:;,'-,v,,,;;%- •^i^€rii^ic complex 
-forined Of the following elem^tsi 1) a peptide tisually of 8 - 
10 residues, 2) a transm«nbrane heavy polyiibrphic protein 
chaxn Which bears the peptide-binding site in its al and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light Chain, ^^microglpbulin. Removing the bound peptides 
and/or dissociating the ^jmicroglobulin from the complex 
renders the MHC cla^s I molecules nonfunctional and unstable 
resulting in rapid degradation. All mhc class I molecules ' 
isolated from PBMCs have endogenous peptides bound to them 

^TL^V"^- ^^ '' ^ r^ove ^ll endogenous peptides 
bound to MHC Class I inol^cules on the APC without Causing 
thexr degradation bef ore exogenous peptides can be added to 

k1 - Pooslb^a ways *p fr.e up hhc class I nolacules of 

peptides Into^th. extrsoeXlular. envlronne«t allowing „a„ 

Thr^^'t***^' >■ ^ -ollcules. 

The c»ld-te.per«ture incubation method enables «co,enous 

peptide, to bind efficiently to the Mac cpmpiex, b!t requires 

an^ernight incubation at 2,.c vhich «ay slow celw 

«*^l.c^rat.. It is also likely that cells not actively 

synthesizing hhc molecules <e,g. , resting pbmc) «6uid n!t 

produce high amounts of empty surface MHc -ZV "° "° 

J . ^ >™pty suriace MHC molecules by the 

cold temperature procedure. 

peptides- :rtr"" ;r™: r r ^ 

I'esTmei:::""""^ """^^ cia;s''"-:;p:L:=:i ^^^^^^^^ 

These methods are not feasible for en. induction, since it 
-rSr^'^T peptides «hii; ITZrtlr^' 

an optimal metabolic state which is critiL 
for „tx,en presentation. Mild acid solutions of pH 3 ^cHs 
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glycine or citrate-phosphate buffers have been used to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class li molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4-c and the apc 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of Jcnown 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8.- cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-Jcnown immunoprecipitation or immunoassav 
methods . ^ 

Ef fectiv., cytotoxic Mounts of th. activated CD8+ 

of^ °' "Iti^te target 

the condition of the patient and should be determined via 

"ef"':::' : °' »PP"P-i"e ^^actors by th. practitioner, 
^eferably, however, about 1 X lo' to about 1 X 10«, more 
preferab y about i x loB to about 1 X lo", and even more 
preferably, about 1 X iC €„ .bout 1 X lo" activated CDS. 

5 X 10' cells used in mice. 
celi« ^«^«>^*bly, as discussed above, the activated CD8+ 
cells are harvested from the cell culture pri^r to 
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adninistrstion of , the CD8« calic <-«-<.>. -ii., . 
. , t:o „<,te; Aowivarv €fi4t-u„iike other 

actlv.t«l CDS* cells is not achieved, th«^ is «ri^H . 

*no«n to be .s.oci.t«, with t^e^SnLtTa^i^^r 
««ll n»^ Of ati^ulator cella, Where.. " 

Methods Of re-lntroducing cellular. ^« ™ous. 
«»™ in the art and U^^^oZ^^:^^' 
«e.plified Ih U.S. Patent HO. 1,844 893 Z i, ^ " 
V... paten. HO. 4,«o,,x= t.o ^i^^^^" Z^^^^' 
.d.iBi.tratton of activat«i CD8* cell! vil ,r.T^ ' 
infuaion IS appropriate. Intravenous 

The IjMiunqgMic peptide, of thl= 
Be ttsed to -ake nonoclonal „tibodi^. 

"~al diagnostic or therap.:!":^^ " " 

.eagents. 'Vorm,-,ridrof rerj;rr^"= 

to determine the «»ceptibility of a T !" "'^ *^ 

. treatment reginen which eMployr t^e"^':""" inOividuai to 

peptide., and thu. nay be heroZl T "' related 

treat^t protocol or'in det^r^i:: ^ 

affected individual in add^ Prognci. for an 

-d to predi^ whL ^Lr:si":'„,'rr ^r^r-L-' 

tor developing chronic infection ««*=t«tial ri.lc 

mustrati^, rr;%T\ri^— ^ - - 

Exampjo I 
glass T nntia^n ^o^T ^^^p n 

the appropriate allele we^'o^n in l ^^^^^^-^^ 
yieldino -5 X 10' cellsi r ^^^^^ batches (6-8 liters 

\ ceils) , harvested by centi- • 

washed. All eel 3 «=®ntrifugation and 

^^'^^s ''ei^e maintained in rpmt 
(Sigma) supplemented with io% fetal k ^° ""^^^ 

10% fetal bovxne serum (fbs) and 
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antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in rpmi 1640 with 10% fbs or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRD5000 centrifuge with 259 
rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7,2). 

Cells were pelleted and stored at -70 'c or treated 
with detergent lysing solution to prepare detergent lysates. 
cell lysates were prepared by the addition of stock detergent 
solution [1* NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
corp., Westbury, NY 11590), 150 mM NaCl, 50 mM Tris, pH 8.0) 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSF) , 2 mM; aprotinin, 5 
Mg/nl; leupeptin, 10 /ig/ml; pepstatin, 10 iig/ml; 
iodoacetamide, 100 fMj and EDTA, 3 ng/ml. Cell 'lysis was 
allowed to proceed at 4-C for l hour with periodic mixing. 
Routinely 5-10 x lo* cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4-c and 
subsequent passage of the supernatant fraction through a 0.2 ^ 
filter unit (Nalgene) . ^* M 

^'"^ purification was achieved using 

ForantLir'^%''"^'"^ "'^^ »Ab.conjugated Sepharose beads. 
In l!ra 1 ^^^^^ in RPMI with 10% FBS 

xn large tissue culture flasks (Corning 25160-225) 
Antibodies were purified from clarified tissue cui;ure medium 
by ammonium sulfate fractionation followed by affinity 
Chromatography on protein-A-Sepharose (Sigma) . Briefly 
saturated ammonium sulfate was added slowly with stirrLg to 
the tissue culture supernatant to 45% (volume to volume) 
prlci'T/! "'"^ '° P-cipitate the immunoglobulins. The 

ir:or:Tfor^°r'"' ^^^^^^^^ centrifugation at 

10,000 X g for 30 minutes. The precipitate was then dissolved 
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, , in »^iniS?™,J?RlWeLPf^^^ tcy* dialysis txibing 

,2r ,^ol5S vrfc. feutoff la^ Ocrd^a^^^^ ifpectuai Medical 

. ;'>4-?^yfis3%ras;;.*gainst PBS-'(«^20'^tiloe# -t£fe'^protein 

;j^Pl»?t:ipn,y9luine>,;]|irithf^^ cfiattge6^~bt^'diiiysil^^buf fer ■ i ■ ' 

24-48 hour period at 4'C, The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared, A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample Was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for ikrge loading 
volumes or. by grayity for smaller volumes (<100 ml) . The 
column was washed with several volumes of PBS, and the eluate 
was monitored at A2|p in a spectrophotometelr lantil base line 
was reached. The bound antibody was eluted usiiig o.i m citric 
acid at suitable pH ^adjusted to the appropriate pH with IN 

For mouse IgG-l pH 6.5 was used for lgG'2a pH 4.5 was 
iised and f or IgG2b and lgG3 pH 3.0 Was used. 2 M Tris base 
wiir used to neutralize the eluate. Fractibns containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentratipd using an Amicon Stirred Cell system 
(Amicon Model 8050 with XM30 membrane). The 4nti-A2 mAb, 
BB7.2, and the anti-A3 mAb, GAPA3, are particularly useful for 
affinity purification. 

The HIA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg Of mAb per ml of bead is the preferred ratio. The 
-Ab bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
xn 200 mM triethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al 
aial^-Chea. 257:10766 (1982). After incubatioh for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each wash the slxirry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x lo' cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
Of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0 1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and lo coltimn volumes of 20 mM Tris, pH 8.0 
The HIA-A antigen bound to the mAb was eluated wito a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay. Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 

ZaTrT'^t l"^^^^^ ("70)) using known 

amounts of bovxne serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 

BT2'a:d'^Lrr^"'^* ^^-^^ ^-^^ 

BB7 2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3.2 molecules is shown in 

Figure 2. 

Figure 2 shows SOS-PAGE (12.st) analysis of affinity 

Z T '™ - ""inity i:^' 

(10 »1, was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HIA-Aa A 
detergent lysate of SxlO» cells was passaged over the colL 
and the coluan was washed extensively. The bound HLA-A3 2 
molecules were eluted from -the column with 0.15M acetic «id, 
50 ml. one .1 of the eluate was removed and lyophilired to 
concentrate the sample. The sample was ta,cen up to s" 'l with 
I*ammU sample buffer and 20 ^1 were loaded in lane 2 Lne^ 
contained molecular weight standards: Myosin, 230 K^i 
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^mi m^^l^B^^^B,^S7V4Ja>,^^ serum 

standard; ^ 

^es 8 10 ^g, ^, 3 ^g,. and 10, i^g to aid in the^Wimation 
Of protein yxeld. For this particular HIA-Aa^^^ 
the estimated yield was approximately 112 ^g. 

For HIA-Ali, A24.1 and Al. an alternative protocol 
was used whereby anti-HIA-B and C monoclonal antibodxes were 
used to deplete HiA-B and C molecules. The remaining hJ" 

^s^::;:::.- ^-^^^^^ using the w«/3. ^ 

indi^.*. . l!^^** °" ^^'^''^ Of Class I expression as 
mdxcated by the results of immunofluorescent staining 
analysxs it is anticipated that average yields of class i 

800-1200 A»g per io» cell equivalents. 



Examply 2 



fe 



Bl 23 J „hTv - «~ Isolated usifig tfie iib 

Bl 23.2 Which dete<:ts .„ epitope expressed by i^d c 

ellele M01e.ules, but not by hw-a a„ti,e„s. Th^ ^Z,, 
detects^ .U hu„.„ class 1 .olecules. Includih, ai^T's^d ; 
»s^.e„tiohed above, these n*b, react veil with 
lines servxn, as sources of HtA,A «,tigens. The Br «^, 
reacts With th. various human B cell ai„.. - V . ^ 
with a Mouse cell li,,. ' »° 

- " ""^ expresses a transfeeted Inji-Aa , 

protein or a ehlaerlc A2.1 mouse molecule it T ^ 
With the human cell line. CXR (Alexand^: a!", et a^ 

3S0 [i,„„, ;xpre:s;on o^ 

HIA-A and B inolecuiet: ^ -^"^ 

juoxecuxes, but expresses low levels nr. « 

-ove. The procedures for the prepaLlr^rth" l^Zl^ 
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columns are essentially identical to the procedures described 
for the preparation of the allele-specif ic xnAb columns 
described above. The Bl.23.2 nAb affinity column was used to 
deplete the detergent lysates of HIA-b and C molecules using 
the protocol as described above. The cell lysate depleted of 
HLA-B and c was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. in addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 



Exannle ? 

IS9lati9n flnfl PRcmencina of nal^n^^^ U v r,Tor^.^^^^,d nepl^i-rf^ p 

For the HLA-A preparations derived from the base (50 
mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (O.Ol M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately l ml. A ' 
small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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. . . J^^^^i^*^ heavy 
vli^^fJ^l^S^ |?2^^^^ >jhile the,tiXtxa:b6 eSiitiains the 

,^1 ^^^vf'^Sf -*c6a^dfients with 

r^^m^^^i^^ ^^gii|e. ^'J^^s^ :.th&^0^^. 3^0^ ■ Ti^ ^t*&6aM 'filtrate ' 
Aiteriai Was lyophilized in order tp concentrate thte peptide 
fr-actibh. The sa^nple was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophiliied sample 
was dissolved in SO ftl of distilled water* or into 0.1% 
trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column fBecJaaan 
C18 Ultrasphere, 10 X 250 mm) , using a gradient system 
deiBcribed by Stone and William^ (Stone, K.L. and Williams 
K.R.; in, Macromolepular Sequencing and Synthesis ; selected 
Met&bd^ and Applications, A.R. Liss, IJew York, 1988, pp. 7-24 
Buffer A was 0.06* TFA in yater (BurdickrJackson) arid buffer B 
was 01052% TFA in 80% acet^^i^itxile c(Burdick-Jacacsori) The 
flow ^raite Was 0.250 ml/minut;e with the following gf^^ient: o- 
60 miri., 2-37.5% B; 60-95 min. , 37.5-75% B; 9S-10S %iri. , 75- 
98% fe. iaxe Gilspn narrow bore 

pairtiHilarly useful for tWs purpose, although otaier 
cohf igurations work equally well. 

^ nuiiber of peaks were detected by absorbance 

at 214 im, laany of which appear to be of low abundarid^ 
(Fig. 3) . Whether a given peak represents a single jieptide or 
a peptide mixture was not determined. Pool^ed f ract!ioris were 
tnen sequenced to determineo^tif s specific for %ach Idlele as 
described below. 

Pooled peptide fractions, prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
Bxosystems Model 477A automated sequencer. The sequending 
method is based on the technique developed by Pehr Edman in 
the 1950S for the sequential degradation of proteins and 
peptides to deteirmine the sequence of the constituent amino 
acids • 

^ The prbtein or peptide to be sequenced was held by a 
12-mm dxameter porous glass fiber filter disk in a heated 
argon-purged reaction chamber. The filter was generally pre- 
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treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile' 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask Where upon addition of 25% TFA in water, the ATZ amino 
acxd is converted to the more stable phenylthiohydantoin (PTH) 
amxno acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a mxcrobore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result.' Rather, mixtures of amino 
acxds xn different yield are found. When the particular 
resxdue is conserved among the peptides being sequenced 
increased yield for that amino acid is observed 



Example 4 

P^fAn^tiop of an At ? soer^i^^Sr. j .^*.Af 
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expijeosed, by ^cell -lines'^^K^ H03 01 , iarid 4^ ^9^'' '^Tliis 
particular subtype is currently ref ierrfed ta as^%be' 3 ! 2 allele 
(Yang, in lBBttng|?i9l9qY 9f HLft; Vol. 1, Oupont ed. , Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EWPQ J./ 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
in EHM cell line. The HIA-A3.2 encoded by the A* 03 01 gene 
referred tp in this document is the eonnnonly expressed HLA-A3 
allelic fornix 

In one case using MAT ceils, pocled peptide fractions 
prepared as described in Example 3 above were obtained from 
HIA7A3. 2 homozygous cell lines, for example, C»t3ip7. The 
pooled fractions were HPLC fraictibns corresponding to 7% to 

CHgCH. For this class X molecule, this re^i^n of the 
clurpmatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 

Th^ amino acid sequehce analyses from fotir 
independent experiments were analyzed and the results ^e 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 
HIA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Ed4an degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; W, c, R and H were eliminated for technical s 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 
values Of each row were summedto yield a total pmoles value 
f or tha^ particular cycle. For each row, values for each 
amxno acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
•'relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding l.oo by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HIA-.A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3 
tyrosine (Y) and aspartic acid (D) showed increases in ' 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and lo, lysine (K) was increased more than 2- 
fold over the expected random yield. 

cysteine was not modified and thus not detected. 
PTH-tryptophan coeluted with diphenylurea , and in some 

^-^^^'^i"- coeluted with the major derivative 
Of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonxne . 

Of cri.., '•"'""=ly described MHC structures showed instances 
Of crxticaXly conserved residues at position 2 (or 3) and at 
the c ter^xnus (either position 9 or 10, . These residues are 
referred to as "conserved" residues. The modified data 
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analysis of tJiis invention consider,^d th^ ponser^ved positions 
Iftus/ th 

occulted, by y^ ^L p^ or 10 ^mino: acids, and a 

C-terminal position .occupied by K. 

TABLE 5 
Summary 

HIA-A3.2 Allele-Snoclfie Mn<-^f 

Conserved 
Position Residues 

1 

2 V,L,M 

4 

5 
6 

7 I 

Example ^ . . 

HIA-Al molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above. In one using HAT cells, pooled fractions 

corresponding to 19% to 50% CH3CN were used. As in the 
preceding example, residues showing at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. on the basis of these data, only Serinev (s) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (E) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marked increase. 
Other increases noted w^e proline (P) at position 4 and 
leucine ^(L) at position 7. Therefore, the motifs for HLA-Al 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 iaino acids and a 
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C-terminal residue of Y. Alternatively, another motif would 
comprise a D or E at position 3 together with a C terminal 
residue of Y. 

TABLE 6 
Sufflm2ury 

HLA-Al Allele-Sneelf tc Motif 

Conserved 
Position Residues 

1 

2 S, T 

3 D,E 

4 P 
5 

6 

7 L 
8 

9 Y 



Examnle fi 

Pgf i nition of HLA-A11 allele-sp^n-if le Dep<-irt^ T Ti»r if r 
HLA-All motifs were defined by amino acid sequence 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 
HLA-All molecules purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V), a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 
increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 

HLA-All Allel^-fip^o^fi^ ^^^^f 

Conserved 
Position Residues 

1 

2 T,V 

3 M,F 
4 
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5 
6 
7 

8 Q 

9 K 
10 



Exannl** 7 

PgfinitlQn of hia~A24.i fi»^.^^ f ie Peni-^^^ M rtifr 
HLA-A24.1 allele-specific mbtifs were defined by 
Mnino acid se<^ence analysis of pooled fractions in one case 
corresponding to 7% to 19% ca^CH of Hplc fractionated peptides 
eluted from HIA-A24.1 molecules purified from the cell line 
KT3 . on the basis of the data presented in Table 8 a jaotif 
^'^^'^ consists of a conserved residue at position 2 

W , a peptide length of 9 or i6 amino 
'^^^. '^ C-t^nal, conserved ^residue of ih^Hylaianine (F) 
or leucine (L) . Increases were also observed at several other 
positions: isoleucine (I) and methoning Oil) at position 3- 
aspartic acid (D) , glutamic acid (E) , glycine (G) , lysine (K) 
and proline (P) at position ,47 lysine (K) / mithonine (M) and 
asparagine (N) at position 5; valine CVj at po^lti^n 6- 
asparagine (N) and yalin^ (V) at position 7; and, alanine (A), 
glutamic acid (E) , lysine (K) , glutamine (q, and serine (S) at 
position 8. Table 8 

Summary 

HIA~A24 . 1 Al 1 «»1 o.p peei fir- n^r^f ^ f 



Position 

1 
2 
3 
4 



Conserved 

Residues 



y 

I,M 

D,E,iS,K,P 



6 
7 



V 

N,V 
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8 A,E,K,Q,S 

10 F,A 

Examnle 8 

Identification of iinmunoaenit p peni- j ^ ^^p 
Using the motifs identified above for various MHC 
class I allele amino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No. 71. o; 3/92). 
The identification of motifs was done using the "FINDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984). Nucleic Acids 
Research 12(1) : 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database, m 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA), p53 oncogene, Epstein Barr Nuclear Antigen-l 
(EBNA-1) , and c-erb2 oncogene (also called HER-2/neu) , and 
Melanoma Antigen-l (MAGE-1) , a single sequence exists! 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Human Immunodeficiency Virus (HIV) several 
strains/ isolates exist and many sequences have been placed in 
GenBank. 

For HBV, binding motifs were identified for the adr 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

in the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
Of residues 783 to 3010 from 5 viral isolates were also 
analyzed. Motifs common to all the isolates were identified 
and added to the peptide list. 

Finally, a consensus sequence for HIV type i for 
North American viral isolates (10-12 viruses) was obtained 
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from the Los Alamos N^|ifnai^i^r,a|^^^^^ (May 1991 

release) and analyzed in ord^:^pxM«ntifyr motifs that are 
constant throughout »ost viral, vi^soMttes. KHotifs that bear a 
^11 degree ctf variation (one residue, in 2 forms, were also 
added to the peptide list. 

several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9, . Protein E7 of HPV type 
18 was also searched for moti^^ from ail alleles (Table 9) 
Melanoma antigens hage l, 2 and 3 were searched for motifs 
from all alleles (Table lo, . The antigen PSA was searched for 
motifs from all alleles (Table ii, . Pi„ally, core and 

(Table 12). In the tables and the description of the motifs 
the conventional symbol letter for each amino acid was used 
The^letter -X^ represents a wild card character (anrLL 



search: 



The following motifs were screened in the present 



For HT.A-ftT fft*»^^i^ . 

1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 
€ XXDXXXXXXY 
7 XXEXXXXXY 
« XXEXXXXXXY 

For HT.A~»^r,^p f^^^^p^^ 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
,^ 4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA~A11 fA*nm\; 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 fA*2401^- 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 
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AA Position 



10 



15 



20 



25 



aaiHDIILECVY 
69 VCDKCLKFY 
77 YSKISCTRHY 
80 ISEYRHYCY 

92 GTTLEQQYIIK 

93 TTLEQQYNK 
106 LLIRCIlfCQK 

2 HGDTPTLHEY 
16 QPETTPLYCY 
44 QAEPpRAHY 

89 IVCPICSQK 

3 IU^EDP13«PY 

4 PEDPTRRPY 
25 LQDIEITCyY 
41LTEVFEFAFK 
72 YSRIRELRHY 
84 SVYGDTLEK 

lOlLLIRCIJiCQK 



.,.,,HP5f|6sE6 
HPVi6.E6 
B?^ie.E6 
ppyi6.JB6 
IIPV16.E6 
HPV16.E6 
HPV16.E6 

,HPV16.E7 
HPVie; > E7 
HPyi6.E7 
Hpyi6wE7 

HPV18 . Ee . 

I?P?18.E6 

KPV18.E6 

HPVljB.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPyi8.E7 



HIA molecule 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, All 
A3 



All 



59HTMLCMCCK 

H«-an Papillo-a virus « and is (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Table 10 
AA Position Sequence Antigen HIA molecule 



2 SLEQRSLHCK 


MAGE 


1 


A3 


96 SLFRAVITK 


MAGE 


1 


A3 


96 SLFRAVITKK 


MAGE 


1 


A3 


108 DLVGFLLLK 


MAGE 


1 


A3 


128MLESVIKNYK 


MAGE 


1 


A3 


128 MLESVIKNY 


MAGE 


1 


Al 


152 QLVFGIDVK 


MAGE 


1 


A3 


161 EADPTGHSY 


MAGE 


1 


Al 


182 LLGDNQIHPK 


MAGE 


1 


A3 


215 WEELSVMEVY 


MAGE 


1 


Al 


223 VYDGREHSAY 


MAGE 


1 


Al 


238 LLTQDLVQEK 


MAGE 


1 


A3 


239 LTQDLVQEK 


MAGE 


1 


All 


239 LTQDLVQEKY 


MAGE 


1 


Al 


240TQDLVQERY 


MAGE 


1 


Al 



Melanoma Antigen MAGE 1 
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AA PoGfition {^eguence Antigen - ^tk molecule 



10 



21 rVGGWECEK 


PSA 


A3, 


All 


57 LTAAHCIRNK 


PSA 


All 




88 VSHSFPHPLY 


PSA 


Al 




95 PLYDHSIiLK 


PSA 


A3 




178 DVCAQVHPQK 


PSA 


A3, 


All 


182 QVHPQKVTK 


PSA 


A3, 


All 


236 PSLYTKWHY 


PSA 


Al 




239 YTKWHYRK 


PSA 


All 




241KWHYRKW1K 


PSA 


A3, 


All 


242VyHYRKWIK 


PSA; 


A3, 


All 



Prostate Specific Antigen (PSA) 
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Peptides with MHC Class I Binding Motifs Table 



AA Position 



Seqnience 


Antigen 


HLA 


2 STNPKPQRK 


HCV 


All 


14 NTNRRPQDVK 


HCV 


All 


43 RliGVKATRK 


HCV 


A3 


302 VQDCNCSIY 


HCV 


Al 


3 SO wnNSTGFTK 


HCV 


A3 


605 LTPRCMVDY 


HCV 


Al 


626 FTIFKIRMY 


HCV 


Al 


Hepatitis C Virus 


(Consensus 


Sequence) 
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PMantitative n^ii^y . , . 

- are 
"inateiadi ciipa!tiie of. bihiiing jto/ttie appropriat:e ■^ssS-^k'''^'' 
molecules/ specif Ic binaing assays were esliablished. HLA-A3.2 
aole;cules.were purified froji GM3ip7 EBV cells by affinity 
chiresnatography using the GAPA3 vAh (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HLA B and C 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,C specific) generally as described in Example 2, 
above. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, was used. This 
peptide contains the anchor residues Vj and Kio, associated 
with A3.2-specific binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodinatibnr Peptides 
were labeled by the use of the Chloramine T method Buiis et 
al., SsilSDS& 235:1352 (1987) , which is incorporated herein by 
reference. 

A dose range of purified A3. 2 was incubated with lo 
nM Of 941.12 at pH 7.0 and 23 -c, in presence of a protease 
inhibitor cbCktail (i mM PMSF, 1,3 mM 1.10 phenanthro line 73 
MM pepstatin A, 8 mM EDTA, and 200 uM N ap-tosyl-L-iy^ine 
chloromethyl ketone (TLCK) ) , in presence of i ,im purified 
human ^2 microglobulin. After two days, the % bound 
radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class II peptide binding 
assays in Sette et al., in Seminars in r^r.r.r^ vol. 3, 
Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 195-202 
Which is incorporated herein by reference. (see. Fig 4) ' 
Good binding (in the 60 to 100% range) was observed for A^ 2 
concentrations ranging between 35 and 300 nM. 30% binding'was 
observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 
sensitivity Of the assay, a concentration of 5^io nM A3.2 was 
5 7^1^ r '7^^^ -"y- the experiment shown in Pig. 

5, 7nM A3. 2 and an equivalent concentration of radiolabeled 
941.12 were incubated using the conditions described above and 
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in the presence of a dose range of three peptides (HBc 18-27 
(924.07), a Prostate Specific Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was found that peptide 940.03 
inhibited strongly, with a 50% inhibitory concentration 
(1C50») of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 mM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high and 
intermediate affinity binders, respectively, while peptide 
924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of IC50's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate Kp values, it 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., class I 
preparation, etc.). For example, excessive concentrations of 
MHC will increase the apparent measxired IC50 of a given 
ligand. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 
sensitive, the ICSO's of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all IC50 values will also shift 
approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate,' weak, 
or negative binder should be based on it's IC50, relative to 
the IC50 of the standard peptide. 

If the IC50 of the standard peptide measured in a 
particular assay is different from that reported in the table 
then it Should be understood that the threshold values used to 
determine good, intermediate, weak, and negative binders 
should be modified by a corresponding factor. For example if 



10 



15 



20 



WpJ|^4/d3205 i?^ >erWS93/07421 

'J^^^'?:S^'f^,^.j^ Mf- iifistStiTGi^S^M, then a 

Demae liiitfnd woji^d cmed a good^^,^^ it had an 

IC50 of less than 80 hM (i.e., 8nM x 0.1), instead of the 
usual cut-off value of 50 nM. 

The experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class I specificities. Sjiecific binding 
assays can be performed as follovs. 

HLfi-All-Rn&cltin *f8ffffY 
The cell line BVR was used as a soured of HIA. The 
dependency of the binding on mhc concehtration in presence or 
absence of fi^H are shown in Fig. 6, while Fig. 7 depicts the 
dose dependency of the inhibition by excess unlabeled ligand 
Finally, Fig. 8 shows a Scatchard analysis experiment. Values 
of apparent IcD of -6 nM and of 10% active receptor w^ire 
obtained, and were remarkable for their similarity the 
values Obtained for A2U and A3. 2. The sequence bf tiie peptide 
used as a radiolabeled probe (940-06) ls AVDLYHIXiC. 



HIA-Al-sneelffff p^^j^^y 
In this case, the EBV cell line Steiiilin was used as 
a source of purif ied HLA. The same protocol previously 
applied to purification of other HLA alleles (i.e., depletion 
25 of B, C molecules by a Bl.23.2 mAb column, followed by 

purification of A molecules by means of a W632 mAb column) was 

TJ^iT' sequencing data, consensus 

peptides were synthesized, directly radiolabeled, and tested 

30 Rri^^r"^''''"^ protocol (1 ^ 2 days 

RT incubatxon xn presence of protease inhibitor^), a granh 
illustrating the relationship between % binding and i« i„^t 
ffiA Al is Shown xn Fig. 9. From the data/ it was concluded 



. . - was ( 

that in analogy with what was obaarved f ot HIA A2 3 and 11 

" 30 nM ar. sufTficient to Obtain -10% binding, i^e 

35 B.<p.ence ot the peptide used as a radiolabeled p^obe ,Z oT 
is m the ne« set o. ^i^ents, Le spl^ui^iiy 

Of the assay established was verified by its inhabitabllity b^ 
excess unlabeled peptide. The IC50» was .easured (ri, '7y Z 
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1.20 nM. Fvirther Scatchard analysis (Fig. li) verified that 
the apparent Kp of the interaction corresponded to 21 nM, with 
a % of active receptor corresponding to 5.1%. 

HIA-A24 speeifie ass^^y 
HLA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYKKF. 
The results of experiments in which the % bound of these two 
peptides as a function of input MHC was meastired are shown in 
Fig. 12. In both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. Cold inhibition experiments (Fig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
apparent of 30 and 60 nM, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively. 
The apparent % of available receptor (active MHC) were 8.3% 
and 7.4%, respectively (Fig. 9a and b) . On the basis of these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-specific binding assay has been 
accomplished. In conclusion, specific assays for the five 
major HIA alleles have been described. 



Exanplg in 
Expansion of hta f*r,^1f« 
Establishing in vitro binding assays allows one to 
readily quantitate in vitro the binding capacity of various 
synthetic peptides to the various alleles of interest (HIA Al, 
A2, A3, All, and A24). This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HIA A motifs for their capacity to bind purified HIA 
molecules. Typically, peptides were synthesized with specific 
HIA motifs embedded in a neutral baOcbone composed of only 
alanine residues, in some cases, a K residue was also 
introduced within the sequence, with the purpose of increasing 



> 
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f^JrM^'f^^^^yr T*e r»isr of such «he^^ 

applied^ to the case of class XI molecules, li^ ge^ described 
fe f^W^r^^o^^^^^ ill (Jardetzky et al 

, .M0,J..:,S|X6):;a^97=,;lS9fl)V^ V:;v .^-.^^v :v...- >:rri-:::; 

For example, in the case of A3. 2, a motif has been 
defined with a hydrophobic residue in position 2 and a 
positive Charge (K) in position 9. Thus, to verify that the 
presence of these two anchor residues would allbw, in the 
context of a poly A backbone, for A3. 2 binding, the poly a 
analog with the sequence AMAAAAAAK was synthesized (Table 13) . 

Similarly, other peptides carryiiig other HLA motifs 
were also synthesized and tested for HIA binding, it was 
found that in all cases, the presence of the specif ic HIA 
motifs was conducive to binding to the relevant HIA allele 
with estimated coxaprised 6f betwe^ 125 and 2.8 nM m' 

binding was also absolutely specific,* in that 
no binding %^s detected to irrelevant alleles. Only two 
exceptions to this general rule were observed. Firstly A3 
and All peptides crossreacted extensively with each oth^ 
perhaps as could have been expected by the fact that the ' 
motifs for these two alleles are remarkably similar. Second 
some Al pepti^des crossreacted, albeit with much lower 
affinities, on All and A3 .2. 

iht^anti''" ^"" the structural reguir^ents for the 

xnteractxon between peptide epitopes *nd various class I 
oJ ^r."' analogs Of 10 r^iida^^ in length of some 

(LSe Lrlr ^^'^^ ^^ 13 were synthesized 

generated by inserting an 
additxonal Ala residue within the poly A backbone, so that the 
anchor residues are not located in positions 2 an; lo (as 

obtaxned illustrate that motifs of lo residues are also 
capable Of specif ically binding to the relevant class i 
alleles, albeit with a slightly lower efficiency 

in summary, these data confirm that both 9-mer and 
10-mer peptides which contain the appropriate motlfl T ? 
HIA. on the basis of these data, ^oJ^^^^^ 
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should also be capable of binding, even if perhaps with lover 
affinities. ac: 

The data described above show that the presence of 
certain residues in the anchor positions does allow (at least 
in a '*neutral'* poly A bacJcbone) for HLA binding. To 
investigate to what degree other amino acids (for exzunple, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly A 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15-19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding o.i 
relative to previously defined anchor residues) , while C, G, 
and D were permitted (binding i 0.01 to 0.1 relative to 
previously defined anchor residues) . The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated. In position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and F should also be 
preferred. No other residue was tolerated in position 9 for 
A3 binding. 

In the case of All (Table 16) , the preferred residues 
in position 2 were L, M, I, V, A, S, T, G, N (L and Q by 
similarity) . Tolerated were C, F, D (and E by similarity) . 
In position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

In the case of A24 (Table 17), Y and F were preferred 
in position 2 (and W by similarity) ; no other residue was 
tolerated. In position 9, F, I, and L were preferred (and w 
and M by extension) . No other residue was tolerated. 

In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 
for binding) . This is indeed the case. For this reason, 
analogs containing two anchors were synthesized to define what 
residues might be preferred or tolerated in each position. 
The data shown in Table 18 show that in position 2, T, s, and 
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M^iure prefe?irpd|^...^^ no., .otttie^.-: residue '-"^is tole^at^i ' In 
/'■posit|9^^3 . .(^^ am^^^^^>:pr^£^tetdr'^i^''i^^ (and T 

'a^^Ofiition"-9, only Y 
-T'lv: P?^^^^4> , Md; noy#toer vresiduite appears ' tfo- W'iolerated 
(*abie 19 ) . \ . ., • ■ 

Thus, on the hasis of the data, it lis concluded that 
peptides c^urrying any cosbination of two preferred residues 
can bind. Peptides containing ^imperfect* motifs, i.e., 
carrying a preferred residue at one position and a tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Using the 
motifs of this invention for /various MHC diss I alleles amino 
acid sequences from .various. viral and tumor-related proteins 
were analyzed for the presence pf motifs.. The results of this 
analysis is shown in Table 23 a - k. 

■ , . -■ Exampl e n 

Validation Qf HLA Peptide Binding MQ«.f^^« with an Wnbias^d f^^ x 

of HPV Tfi P«>p^ifl^o 

Human Papillomavirus^ -(HPVs) are iiiplicated in the 
etiology of ceinrical cancer (Pfister, H. (1974) Biology and 
biochemistry of papillomaviruses, J?ev. Physibl. Biochem. 
99:111; ziir Hausen, H. (1991). Human papillomaviruses in the 
pathogenesis of anogenital cancer, virology. 184:9) and in up 
to 10% of total mortality due to cancer worldwide (zur Hausen, 
H. (1991). Viruses in Human Cancers. Science, 254:ii67). 
Cervical cancer is th^ second most common cause of 
cancer^related death in females worldwide (Parkin, D. H. , 
Laara, E. , and Muir, C. s. (1988) , Estimates of the worldwide 
frequency of sixteen major cancers in (1980) . mt. J. Cancer, 
41:184). HPV DNA is present in more than 90% of the cervical 
carcinomas and predominantly of the HPV 16 genotype (Resnick, 
R. M., Comelissen, M. T., Wright, D, K. , Eichinger, g. H., 
Fox, H. S., ter Scliegget, J., and Hanos, H. M. . (1990) . 
Detection and typing of human papillomavirus in archival 
cervical ^cancer specimens by DNA amplification with consensus 
primers. \7. Natl. Cancer Inst; Van den Brule, A. J. c ' 
Walboomers, J. M. M. , du Maine, M. , Kenemans, P., and Meijer 
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C. J. L. M. (1991). Difference in prevalence of humam 
papillomavirus genotypes in cytomorphologically normal smears 
is associa-ted with a history of cervical intraepithetal 
neoplasia. Int. J. Cancer. 48:404). The ability of HPV 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, S., Bur)chardt, A.L., 
Doniger, J., and DiPaolo, J. A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
J. Virol. 57:572) and human keratinocytes (Pirisi. l. , 
Yasumoto, s.. Feller, M. , Doniger, J., and DiPaolo, J. a. 
(1987) . Trans-formation of hiiman fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. j. 
Virol, 61:1061) and to transform human fibroblasts (Smits, H. 
L., Raadsheer, E. , Rood, I., Mehendale, S., Slater, R. m. , van 
der Noordaa, J., and ter Schegget, J. (1988). Induction of 
anchorage- independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome li. j-. virol. 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis. 

In general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief, c. J. (1992). Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes. 
Adv. Cancer Rbs. 58:143; Melief, c. J. , and Kast, W. M. 
(1992). Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13: si). 
Recently in a mouse model, it was reported that some degree of 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, K. , Hu, S. L. , HellstrBm, I., and 
Hellstrom, K. E. (1991). Human papillomavirus type 16 
nucleoprotein E7 is a tumor rejection antigen. Proc. Natl. 
Acad. sci. 88:110; Chen, L. , Ashe, s., Brady, W. A. , 
Hellstrom, I., Hellstr5m, K. E. , Ledbetter, J. a,, McGowan, 
P., and Linsley, P. s. (1992). Costimulation of Antitumor' 
immunity by the B7 counterreceptor for the T lymphocyte 
molecules CD28 and CTLA-4. Cell. 71:1093). m vivo 
protection by CTL was recently shown in mouse models in which 
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peptides c?on^ijjijig cTIr epi^^^ for 

' - I^^^^W^f^''^^''^^^- ^^^Ai^^^Vitki^'lttf^ci^^i^^ (Schulz , 

Proc^iiiiti: Acad, sci. nsA,JB8:9Si; Kast, l^. M.> kc^, l!!, 
burreitt, j., Blom, H, j. j. , Vpordow, A. c: i Meleon, r. h. , 
Kbiakofski, D., and Melief^ G. J. M. (1991). Protection 
against lethal Sendai virus infection by in vivo priming of 
vinis-specific cytotoxic T lymphocytes with an unbound 
peptide. Proc. i^atl. Acad, sci, OSA. 88:2283) i Moreover in a 
mouse model it has now been shown that coii*»lete protection 
against HPV 16 induced tumors can be achieved by peptide 
vaccination with a CTL epitope derived firbm the viral oncogene 
E7ir, ' ■ ■ ' ^- 

The HPV 16 E6 and E7 gene products are the most 
desirabie target antigens for vaccination against HPV i 6 
induced tumors, Botli ar^, retained and highly expressed in HPV 
16-transformed qancer cells in vivo (Baker, C. J., Phelps, W. 
C., Lindgten, v., Braun, M. J., Gonda, M. A. , and Howley/p. ' 
H. 11987]. Structural and transcriptional analysis of human 
papillomavirus type 16 sequences in cervical carclni^ cell 
lines. J y Virol. 61:962; SmotJcin, D. > and Wettstein, F. o. 
tl986j. Transcription of human papillomavirus type i6 early 
genes in a cervical cancer and cancer-deriVed cell iine and 
identification of the E7 protein. Proc. Natl. Acad. sci. nSA 
83:4680) and involved in th^ induction and maintenance of 
cellular tran^formi^tion in vitro (Crook, T., Morgensterh, J. 
P., Crawford, L., and Banks, L. [1989]. Continued expression 
Of HPV-16 E7 protein is required, for mairtt^hahce of the 
transformed pheriotype of cells co-transformed by HPV-16 plus 
EJ ras. EMBO J^. 8:513; Hawley-Nelson, P. , Vousden, K. H., 
Hubbert, N. L., Lowy, D. R., and Schiller, j. T. [1989]. HPV 
16 E6^and E7 ptdteins cooperate to immortalize human foreskin 
k^atxnoc^es. £MBoy. 8:3905). Dependence of in vitro growth 
Of cell lines derived from cervical cancers oh the expression 
of,E6 and E7 emphasizes involvement of these oncogenes in 
mi^xntenailce of the phenotype of cervical carcinoma cell lines 
(Von Knebel Doeb^ritz, M„ Bauknect, t., Bartch, D. , and zur 
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Hausen, H. [1991]. Influence of chromosomal integration on 
glucocorticoid-regulated transcription of growth-stimulation 
papillomavirus genes E6 and E7 in cervical carcinoma cells. 
Proc. Natl. Acad. Sci. USA. 88: 14 11). To determine the CTL 
epitopes and potential vaccine candidates of HPV 16 for 
humans, we screened peptides spanning the HPV 16 E6 and E7 
protein sequences for their ability to bind to the most 
frequent human MHC molecules, namely HLA-Al, A3. 2, All. 2 and 
A24. Combined these five alleles will cover about 90% of the 
world population (Dupont, B., ed. [1987]. Immunology of HLA 
Vol. I — Histocompatibility Testing. Springer-Verlag, New 
York) . 

A complete set of 240 overlapping synthetic peptides 
of 9 aa length and 8 aa overlap covering the entire HPV 16 E6 
and E7 oncogene sequences were synthesized. The peptides were 
tested for their ability to bind the aforementioned HLA 
molecules in the binding assay described above. The results 
of this analysis show the relative affinity of all peptides 
for the respective HLA alleles and reveal the possible 
candidate CTL epitopes for use in peptide based vaccines for 
humans in Tables 20 (a) -(d). 

The results confirm that peptide binding motif 
described in this invention for the aforementioned HLA alleles 
predict which peptide of a protein is likely to bind into the 
groove of a specified HLA molecule, since we used a large and 
unbiased set of peptides, the results of the peptide binding 
analyses were used to evaluate the value of these motifs both 
for their predictive capacities and the necessity to have 
particular anchor aa residues on positions 2, (3) and 9 in a 
peptide. 

Peptides. Peptides were generated by solid phase 
strategies on a multiple peptide synthesizer (Abimed AMS 422) 
by repeated cycles in which addition of Fmoc protected amino 
acids to a resin of polystyrene was alternated with a 
Fmoc-deprotection procedure (Gausepohl, H. , Kraft, M. , Boulin 
Ch., and Frank, R. w. [1990]. Automated multiple peptide 
synthesis with BOP activation, in Proc. of the iith American 
peptide symposium, j. e. Rivier and G. R. Marshall Ed 
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- ^ a COOH 

^r«t^^ C-t^ resin and 

- ; .^^p^i^r^re ^^^^^ 

.l^llized And dissolved at a concentration of i W/ml in 
Sr^r^':''""*^^^ "'"-^^ ^''^^ St. Louis, MO 

at " i.T ""T ^« ^-^^ were e^ored 

at 70 C. Since cysteine containing peptides are susceptible 
to (axr) oxidation during synthesis and handling, these 
peptides were synthesized with an alanine instead of a 
cysteine. 

- Idontlfication of peptides from HPV le B6 mid E7 

^teins that i,lnd to ^Iff^ent EL^^ ^^^^^,, ^ 
Of 240 pept,,i,3 Of 9 aa in length and overlapping by \ a! 
covering the sequences of the entire HPV 16 E6 ahd E7 ' 
Jproteins, was tested for binding to 5 different hU-a 
moleGUles. ~^ 

20,.,-,a, "^T^ this «aly.l. detlctid i„ Tablaa 
?0(.)-(d). rabl. 20(., d«crl.^e the peptides Of BPV 16 thA 
bo«nd to HIA-a »ol.=ule.. >xi peptides Vere tOst^ 
«^ only peptides yieidlng r.tlo values of i 0.00^ It 

(iTir: "L"""'"" -"-^ "''^ -«inl.^y to ^^IsloHLH 

^(>0 1 6 wxth xntermedlate affinity (o.l-o. 61, aWd 1 „lthT» 
.ff«M.ty (O.ai-o.ooi, . Peptide. «ere ranked ii^ I'^^Z 

TO «;i:::rtT::' " ^'^^-^^^^-^.^^."^ 

AO calculate the concentration of a neotldo 

. inhihiti., dose a=„, one has r^r^ir^e Tlue o^ ^ 
the standard iCrn by the n °^ 

». ^° ratxo. For example, peptide E6-ari 

lias an iCjo of 23 nM (81/3.5). Ptxde £6-80 

Table 20(b) describes the peptides that bound to HIA 
A3.2 molecules. Seven peptides were identified as hT k 
affinity binders, 6 as intermediate affinity bind! ^ 

peptides with a v alfinlty binding 

,P vxth a Y at the 9th position (E6-42 oavu^, e6-« 
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VADKALKFY) were identified for HIA-A11.2 Considering the high 
binding strength of the first two peptides and the similarity 
between the HLA-A11.2 motif and the HLA-A3.2 motif in which 
Y's are preferred at the 9th aa position, tyrosines should be 
included at the 9th position in the HIA-A11.2 motif. Comparing 
Tables 21(b) and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and All. 2 molecules. 
Eighteen out of 28 E6 and E7 peptides binding to these two HIA 
molecules overlapped and only 8 peptides were unique for HLA- 
A3.2 and 2 peptides uniq[ue for HLA-A11.2. 

Finally, Table 20(d) describes the peptides that 
bound to HLA-A24 molecules. Here 2 peptides were identified 
as high affinity binding peptides, 5 as intermediate affinity 
binding peptides and 5 as low binding peptides. One high 
affinity peptide (E6-72 KALKFYSKI) and one intermediate 
affinity peptide (E7-49 RAHYNXVTF) were identified, indicating 
that an A at the second position should be allowed in the HIA- 
A24 motif. All these inclusions are indicated in Table 20-e. 
in analyzing these tables it can be concluded that between 2* 
and 7 high affinity binding peptides were identified for all 
of the tested HLA-A molecules. Occasionally some peptides 
were binding to more alleles. Three peptides (E6-7, E6-37 and 
E6-79), bound to HLA-A2.1, A3. 2 and All. 2. One peptide (E6- 
38) bound to HIA-A3.2, All. 2 and A24 and two peptides (E6-69 
and E6-80) bound to HIA-ai, A3. 2 and All. 2. But these 
crossreactive peptides bound only weakly to one or more of the 
different HLA molecules. In general, however, it can be 
concluded that, except for HIA-A3.2 and HLA-All.2 molecules, 
almost all HLA molecules bind unique peptides. 

Validation of HLA-A peptide binding motifs vlth an 
unbiased set of HPV is E6 and E7 peptides. 

We analyzed how well the motifs for anchor positions 
described in this invention predicted the binding of a 
peptide, and also the reverse: how well binding peptides 
followed the identified motifs. For this, peptides were 
ranked as high binders, intermediate binders, weak binders 
and negative binders and for each peptide the motif predic;ion 
based on the anchor motif rules of Table 6 were analyzed. The 
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overall efficiency of .th§ 2, .(3)^:>and 9 £iuichor Motifs was then 
calcuaatfed and this is^i^unnacized in Tabi^ 20^4) ;'' 'it can be 
C6ncludl«a ^taiat' the B^^^^ 

MHA atoleciiiet af gti^i^p^pc^e^ Ipwrcent of 

5 the HLA-Al, A3. 2, and A2 4 high binders would b4 predicted as 
well as 67% of the HIA-11,2. Even for the intermediate 
binders between 40 and 100% would be predicted depending on 
the HIA-.A molecule analyzed. Furthermore, the percent of weak 
binding peptides that would be predicted is low and the 
10 percent of those peptides that were predicted to bind but 
actually did not bind is very low for all these alleles. 

Analyzed differently, of the 12 peptides prediUed to 
bind to HLA-Al actually 5 bound with high or intermediate 
affinity. This indicates that only a few peptides would have 
15 to be madfe to find these potential CTLepitopefi. The figures 
for HIA^3.2, All. 2, and A24 were 10/32;. 7/26, iind 4/7 
Respectively. This implies that the predictive Value for all 
Of these alleles is good. Besides a small htxmber of peptides 
20 !^ .T/""^ '^^'^ predicted by the recently described motifs, 

P^dicted bythe2, ^3) and 9 anchor motifs did ^ot bind, 
in^xc^ting that having the right anchor resKiu^ is not always 
sufficient for binding and implicating that non-anchor 
25 r^tT^ negative contributions to th^ binding of a 
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To Investigate further ho» the priieeni:. ot different 

bind to the relevant BL* alleles, the sequences of various 
potential target Molecules were scanned for tha preBeSe"of 
-otif-0O,taini„, p.^,- ^ thus idLif^d wL 

^^esx«d and tested for hinding, it was found ,f .hie 
that in the case of A3. 2, only 39 (19%) of the 205 peptide! 
bound vi^ high affinity in the 1 to 50 nM range Lfo of 
the, bound With intermediate affinities (in the So to 500 nM 
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range), while 34.6% bound weakly (in the 500 nM to 50 mM 
range). Finally, 23.9% of them did not bind at all, at least 
up to the 50 MM level. In the case of All, 33 (33%) of the 
100 peptides bound with high affinity in the l to 50 nM range. 
35% of then bound with intermediate affinities (in the 50 nM 
range.), while 24% bound weakly (in the 500 nM to 50 mM 
range). Finally, 8% of them did not bind at all, at least up 
to the 50 level. 

Similar results were also obtained (data not shown) 
in the case of Al and A24. 

The same type of analysis were also performed in the 
case of lo-mer peptides carrying either the A3. 2, and All 
motifs (Tables 22(a) and (b) ) . it was found that in these 
cases, the frequency of good binders was even lower (17.5%, 
and 29.8%, respectively). These data confirm the fact that 
motif-containing lo-mer peptides can indeed bind, albeit with, 
in general, reduced affinity. 

In summary, the data shown in this section clearly 
show that the presence of the correct anchor residues is not 
sufficient per se to allow for good HLA binding. it is thus 
apparent that the nature of the residues contained in 
positions other than 2(3) and 9 (or 10) can influence binding. 
The most likely explanation of this observation is that the 
presence of certain residues (in positions other than 2 and 9) 
can negate or increase the binding potential of a peptide 
detezminant. 

m>e data shown in th. preceding seotions describe how 
specific binding assays can be used to identify, within Botif- 
containing peptides, peptides that are iimunogenic. We also 
wanted to devise an alternative strategy, namely to derive 
procedure, that would be able to predict, within „otif- 
containin, peptides, which peptides tight be good or 
intermediate binders and thereby night be i™,unogenic. in 
other experinents not showri intermediate or good bind«-s have 
been Shown to be i„„uno,.nic. in particular, to identify 

"llosi't*^' ' ""^"'^ -aly^is Of 

~L r r "-^ «^ an .otif-containing 

P.ptxdes, both 9.ners and lo-.ers is carried out. m the case 
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Of All, because of. jt^^^sna^^^^^ 6f tionbinding 

p^Mairs^ ; -a^^aif f WOTt;.;;cutof f rtvass^ Ba^!h-tiial''iS^ analysis 
^^^"^^y^ hf§ M^^^ to weak 

Exaanle 1 X 
Algorithms to TdP.ntlfv T»miinog«»nir> 

In light of results presented in Eacaibple 13 above, 
algorithms are developed to provide a aore exact predictor of 
binding based upon the effects of different residues at each 
position of a peptide sequence^ in addition to the anchor or 
conserved residues. More specifically, we utilize the data 
bank obtained during the screenineT of our collection of Al, 
3,11 or 24 motif containing peptides to develop an algorithm 
for each particular allele which assigns a Score for each 
amino aci«i at each position along a peptide/ The score for 
each residue is taken as the ratio of the f req«iericy of that 
residue in good and intermediate binders to the frequency of 
occurrence of that residue in non-binders. 

In the present algorithm residues have been grouped 
by similarity. This ayoids the problem encountered with some 
rare residues, such as tryptophan, where there are top few 
occurrences to obtain a statistically significant ratio. A 
listing is made of scores obtained by groupihg for each of the 
twenty amino acids by position for 9r»er peptides containing 
conserved residues that define their motif (2/9 motifs) a 
peptide is scored in the algorithm as a product of the scores 
of each of its residues . 

The power of an algorithm to correlate with binding 
xs further underlined by its ability to predict a population 
of peptides with the highest occurrence of good binders If 
one were to rely, for example, solely on the 2/9 motif for 
predicting 9-mer peptides which bind to a specif ic MHC allele 
the large number of peptides containing the motif would be 
predicted to be good binders. In fact only a relatively small 
percentage of these peptides are good binders and a somewhat 
larger percentage are intermediate binders, while a still 
larger percentage of the peptides predicted by the motif are 
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either weaJc or non-binding peptides. m contrast, using the 
grouped algorithm of this invention a population of peptides 
are created with a greater percentage of good binders, a still 
greater percentage of intermediate binders, and a smaller 
percentage, relative to that predicted by motif -containing 
peptides, are weaOc and non-binders. 

The present example of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
each position of a peptide, it is immediately apparent to one 
of ordinary skill in the art that there are alternative ways 
of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amino acid substitutions in a motif containing peptide with a 
poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has the 
advantage of including all of the peptides in the analysis 
and not just good/ intermediate binders and non-binders. 
Moreover, it gives a more quantitative measure of affinity 
than the simpler group ratio algorithm. We create such an 
algorithm by calculating for each amino acid, by position, the 
average log of binding when that particular residue occurs in 
our set Of motif containing peptides. The algorithm score for 
a peptide is then taken as the sum of the scores by position 
for each of its residues. 

Example* 14 

In K '^''^^ ^''^^^^ demonstrates the use of cold temperature 
incubation or acid stripping/peptide loading method to prepaTe 
effective HIA-allele-specif ic antigen presenting cells (APC, 
The APC were used to sensitize precursor cytotoxic T * 
lymphocytes which led to the development of antigen-specific 
cytotoxic cells. This was accomplished using either 
Phytohemaglutinin (PHA) T-cell blasts or peripheral blood 
mononuclear cells (PBMC, or staphylococcus aureus Cowan I 

otner APC and to the other MHC alleles. 
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- J^^^ materials used in 

the ' 'f bXibvih^ exaiBples:;,^. .. ;;,f.7-= -;. 

:? ! : V^^^^f*^ i5B§S2> j-r. Baker, Phillipsburg, 

Anti-HIAA2 (BB7.2), Cat #HB82, ATCC, Rockville, MD. 
Anti-HLA DR (LB3.1), from J. Gorga, Children's 
Hospital, Pittsburgh, PA. 

Anti-HIA Alpha chain pan ABC (9.12.1), from R. 
DeMars, Oniyersity of Wisconsin, Madison, wi. 
Anti-mouse IgG FITC conjugate. Cat /F2883, Sigma, st 
Louis, MO. 

^jmicroglohulin. Cat #MG114 , Scrimps Labs, San Diego, 

BSA i^ction y, qal; .#A9418, Sigma, St. Louis, mo. 

50CC conic^^ centrifuge tubes,, cat /2070, Falcon, 
Lincoln, Park^NJ. 

!•? freezing container. Cat #sioo-oooi, Nalge 
Rochester, NY. ' 

Cryovial, Cat /500a^0<>l2, Nalge, Rbchester, NY. 

Dimethyl sulfoxide (DMSO) , Cat #D2650, Sigma, st 
Louis, MO. 

DNASe, Cat /260912,calbiochem, San Diego, CA 
Dynabeads M-450 goat anti-mouse Igd, cat /110.O6, 
Dynal, Great Neck, NY, 

tetrasodium salt. Cat #ED4SS, sigma, st. Louis, 

nO • 

FACScan, Bectpn Dickinson, San Jose CA 

Picoll-Paque, ct /17-0840-03, *h^ci., Piscfway, 

O^ta-lcln, cat «00-57S0AD, Cibco, -ora„„ i,^] ^. 
L-GlufMXn., cat «317, Irvine scientific, Irvln;, 

GS-6KR centrifuge, Beckman Instrument^, Palo Alto, 



Human AB serum (HS) , Cat rffioo-ii2 , G^nini 
Bioproducts, Calabasas, CA. 
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Human rIL-2 , Sandoz, Basel, Swi-tzerland. 
Human rIL-7, Cat /Fl-1587-1, Genzyme, Cambridge, MA. 
Isopropanol, Cat #A464~4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCELLector T-150 culture flask for selection of 
CD4+ cells. Cat /8030, Applied Immxine Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, ICN Micromedics 
Systems, Huntsville, AL. 

OKT4 hybridoma supernatant. Cat /CRL 8002, ATCC, 

Rockville, HD. 
Paraformaldehyde, Cat /T-353, Fisher, Pittsburgh, PA. 
PBS calciiim and magnesium free (CMF) , Cat /17-516B, 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat /HA-16, Wellcome, 
Dairtford, England. 

RPMI 1640 + Hepes + glutamine. Cat /12-115B, 
BioWhittaker, Walkersville, MD. 
RPMI 1640 + Hepes + glutamine. Cat /380-240OAJ, 
Gibco, Grand Island, NyI 

Sodium chloride (NaCl) , Cat /3624-05, J.T. Baker, 
Phillipsburg, NJ. 

Sodium (5^Cr) chromate. Cat #NEZ 030, NEN, 
Wilmington, DE. 

Sodium phosphate monobasic. Cat #S9638, Sigma, St. 
Louis, MO. 

Triton X-lOO, cat /X-lOO, Sigma, St. Louis, MO. 
24 well tissue culture plate. Cat /3047, Falcon, 
Becton Dickinson, San Jose, CA. 

96 well U-bottomed cluster plate. Cat #3799, Costar, 
Cambridge, MA. 

culture Medium . PHA blasts and CTL inductions were done in 
RPMI 1640 + Hepes + glutamine (Gibco) supplemented with 2 mM 
L-glutamine (Irvine Scientific), 50 Mg/ml gentamicin (Gibco), 
and 5% heat inactivated pooled human Type AB serum (Gemini 
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;e«BRleifiented wJiia^-ai^^ and 
5 ?»»eatv liiactii^^d calf serum 

(Irvine Scientific) [RPMI/10* PCS]. ChromiuiB release assays 
irere performed in RPHZ/10« FCS. 

cytoklnos. Recombinant human interleukin-2 (rIL-2) (Sandoz) 
was used at a final concentration of lo D/ml. Recombinant 
buman interleukin-7 (rIL-7) (Genzyme) was used at a final 
concentration of 10 ng/ml. 

Jsblatlpji of Peripheral Blood Hononuclear Cells (PBMC) . Whole 
blood was collected in heparin (XO D/ml) contaiiiihg syringes 

.^P"" in 50CC conical centrifuge tubes (Falcdn) at leoo rpm 
(Bedteman GS-6KR) 15 min. The plasma layer was then removed 
and 10 ml of the buffy coat collected witfh a lb Imi pipette 
using a circiUar motion. The buffy febat was iix^ l^ 
and diluted with an equal volume of serum frfe^ iipi^ 1540 The 
diluted buffy coat was then layered over 20 Ml Picbil-Paque 
(PharmaciaX^in a 50<:c conical tube and cehtrifu^ed 400 x g f or 
20 min at room temperature with the brake off. The 
Ficoll-plasma interface containing the PBMCs was collected 
using a transfer pipet ^ two interfaces p^r 50fcc i^) end 
washed three times with SO.ml RPMl (1700, isbo, and 1300 rpm 
for 10 min. , ,„ ■ r ■^i---'-" • ^ 

Freezing and Theying |»3«C. PBMC wdre frozen at 30 x 10« 
cells/mi Of 90% PCS t 10% DMSO (sigm*) , in i ml aliquots using 
cyrovials (Nalge) . Cryovials were placed in Cryo l-c freezing 
contaxners (Nalge) containing isopropahol (Pisher) and placed 
at -70-c from 4 hr (minimum) to overnight (Maximum) . 
Isopropanol was changed after every 5 usek. Cryovials were 
transferred to liquid nitrogen for long ^4ina storage, pbmc 
%^e thawed by continuous shaking in i 37*C \irater bath until 
the last^ crystal was nearly thawed, cells were immediately 
dxluted into serum free RPMI medium contaii^i^ DNAse 3£> ^g/ml 
(to avoxd clumping) (Calbiochem) , and wa^hfed twice 
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Depletion of Lymphocyte Sutpopulations . C04 lymphocjrte 
depletion was performed using antibody-coated flasks: 
MicroCELLector T-150 flasks for the selection of C04+ cells 
(Applied Immune Sciences) were washed according to the 
manufacturer's instructions with 25 ml PBS ca<F + l mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5% hs 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPMI/5% HS 
containing 30 fig /ml DNAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10*' cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for 1 hr at room 
temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 
CD4 -depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PEA Blasts. PBMC were isolated using the 
standard Ficoll-Paque protocol. Frozen cells were washed 
twice before use. Cells were cultured at 2 x 10*/ml in 
RPMI/5% HS containing l fig /ml PHA (Wellcome) and 10 U/ml 
^^^-2^ PHA blasts were maintained in culture medium 
containing 10 U/ml r IL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture. 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Acid Stripping /Peptide Loading of PBMC and PHA Blasts. PBMC 
were isolated using the Ficoll-Paque protocol. When using 
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m^tm^-^^ i^sfoi^^u^^r PHA blasts 
"'^J Pf«Pfr«<i . PfeX*?uslyj#e3«jribed and wiSHed t^ice before 

ta>eSrC«era-wasliia^once in 
: cold eten^ Naci BaJcer)i.>H.it^ bsX^^ lii W socc 

. conical centrifuge tube, the cells were resuspended at lo'/ml 
in cold sterile citrate-phosphate buffer [0-13 M L-ascorbic 
acxd (J.T. Baker), 0.06 M Bodiua .phosphate »onobasic (Sigaa) 
PH 3, 1% BSA, 3 Mg/Bl ^^microglobulin (Scripps Labs)] and 
incubated for 2 »in on ice. Immediately, 5 volumes of cold 
sterile neutralizing buff er /l [0.15 M sodium phosphate 
monobasio pH 7.5, i% bsa, 3 ,*g/ml ^microglobulin, lo ^g/,al 
peptxde] were added, and the cells were pelleted at 1500 rpm 
5 mxn at 4.c. Cells were resuspended in l voltiae cc^id sterile 
neutralizing buffer ^2. [PES CMF,.i* BSA; 30 lig/^i ^^^T 
/jg/ml^^mitrroglobulin. 40 Mg/ml p^^ and intubated for 4 
hrs at 20-C. cells were diluted with cultua^e medium to 

^ ^ ^V»l and irradiated with 6O00 radk. cells 
vere then centrifuged at isop r^ ^or 5 min at room 
temperature and resuspended in culture medium. The acid 
stripp^^ were used immediately in the CTL 

induction cultures (below). y in tne CTL 

Induction Of Primary CTL using Aaid Stripped /Pbt^^Js. w ^ 
^c^logou. PB>,Cs or PHA .l,st. as Stimu^^^':^ 
sttxppxng/peptide loading of PBMG and PHA blasts are described 
above. During the la^t 4 hr inpubatioh of stimulator ce's 
With peptid., the r^s^ond^r cell .copulation pr^H 
Responders were PBMC that were d^^^^^^ of cb4+ Llls 
(des^ibed above). Respon^^r cells were resuspended m 
culture medium at 3 x xoVml. x .i of the respond^ ceil 
suspension was dispensed into each well of a 2!.well tissue 
culture Plate (Falcon, Becton Dickinson) . The 01!^^ 
Placed ih the incubato, at 37. C, 3% CO, Ur^the .^^^^^^^ 
population was ready, o^e irradiated ^il^^f^^ 
resuspended in culture medium containing 20 rJ^^^T 
loVml for the PBMC, or at 3 x 10B/.1 the^^'\ 
»1 Of stimulator cell suspension w^s added per ^11 tW tH 
Plates containing the r^sponders. On da. 7\^2^L^cS:n, a 
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100 Ml culttire medium containing 200 ng/ml rIL-7 was added to 
each well (20 ng/well rlL-7 final) . on day lo after 
induction, 100 ^1 of culture medium containing 200 u/ml rlL-2 
was added to each well (20 U/well rlL-2 final) . 



Antigen RBstimulation of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 
were pelleted and resuspended in culture mediiun at 4 x 10^/ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and inciibated for 2 hrs at 37 -c, 5% cOj. 
Non-adherent cells were removed by washing each well three 
times with serum free RPMI. After this step, a 0.5 ml culture 
medium containing 3 ng/ml /Sjmicroglobulin and 20 ng/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 37 -c, under 5% COj with the peptide and /Sj^icroglobulin . 
Wells were aspirated and l ml of responder cells at 1.5 x 
lO^/ml in culture medium was added to each well. After 2 
days, 1 ml of cultxire medium containing 20 u/ml rIL-2 was 
added to each well. 



Cytotoxicity Chromium Release Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
the cultures was assessed. 

a- Effector CpII PT-^p^yntlm- the responders. 
Which at this stage are renamed "effectors", were centrifuged 
and resuspended at lO^/ml in RPMI/10% FCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 
target ratios of ioo:i, 33:1, ii:i, and 3:1. Effector cells 
were aliquoted at 100 Ml/well on 96 well U-bottomed cluster 
plates (Costar) , in duplicate. 

**• Target C^U Prepgrgtinn : Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 
10 /ml in RPMI/10% PCS in the presence or absence of 3 ng/ml 
^jmicroglobulin and lO ng/ml total peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 200 nl (300MCi) sodium (Sicr) chromate (nen) 
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r T i * ^^^^^ ^^^'^ - a«r;^ YP ^ ^Tiusgieit ^ceil CO 

veil containijig responders. K562 cells 
(cold targets, to block NK, and lAK activity) were Washed and 
resuspended in RPMI/lO* FGS at lo'/al. Aliquots of 20 Ml were 
added per well, yielding a 20:1 of cold KS62 target: labelled 
target. For the determination of the spontaneous ^^Cr 
release, lOO /il/well of RPMI/lo* FCS were added to lOO /il/well 
of labelled target cells, and 20 /il/well of KS62. For maximum 
s^cr release, loo pi i% Triton X-IOQ (Sigma) in PBS CMF, was 
added to the 100 ^l/yell labelled target cells,i and 20 Ml/well 
K5^2. Plates were centrifuged for 2 min at 1200 rpm to 
accelerate ceil con;} ugate formation. Assays were incubated 

^ 37»C, 5% Cp2, Assays were harvested by 
centrlfuging plates for 5 min at 1200 rpm aiid collecting loo 
Ml/well 6i? supernatant, standard gamma counting techniques 
were used to determi^ne percent specific lysie (Microinedic 
automatic gamma counter, 0.5 min per txibe) . 

CultUTBd CBll LijiBs. JY, a mA A2.1 expressing human 
EBV-trahSformed B-cell line, was grown in RPMI/ 10% FCS. K562, 
a NK cell sensitive erythroblastpma line was grown in RPMI/10% 
FCS. K562 was used to reduce background killing by NK and LAK 
cells in the chromium release assays. 

PeptldBs, The peptides used in these studies were synthesized 
at cytel and their se^piences are described in Table 24 a. 
Peptides were routinely diluted in 100% DMSO at 20 mg/ml,' 
aliquoted, and stored at -20»C. 

. . ^ . 

FACS Amaysis. Approximately 10« cells were used f or each 
antibody that was to be tested, cells were washed twice with 
PBS CNU +0.1% BSA. To each sample, 100 ^1 PBS CMF + 0.1% BSA 
+ primary antibody at 2 /ig/ml (BB7.2, ATCC) or (9.12.1 
Inserm-CNRS, Marseille, France) or (LB3.1, Children's Hospital 
Pittsburgh) were added. A negative control was always 
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included. Cells were incubated on ice for 20 min and washed 
twice with PBS CMF +0.1% BSA. Cells were resuspended in lOO 
Ml anti-mouse IgG FITC conjugate (Sigma), diluted 1:50 in PBS 
CMF + 0.1% BSA, and incubated 20 min on ice. Cells were 
washed twice with PBS CMF +0.1% BSA, and resuspended in PBS 
for FACScan (Becton Dickinson) analysis. When it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher) and 
analyzed within one week. 

Binding Assays Using Intact Cells and Radiolabelled Peptide . 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer /l as described above. JY control cells 
were left untreated in tissue culture media. After treatment 
both cell populations were washed twice with servm free RPMI 
and loaded with "^j.^adiolabelled 941.01 (HBcl5-27) peptide 
(standard chloramine T iodination) . To determine binding 
specificity, 2 x 10^ cells were resuspended in 200 Ml 
neutralizing buffer #2 (described above) containing 
"H-941.01 (loS cpms) +/- 100 Mg unlabelled 941.01. Cells 
were incubated for 4 hrs at 20«C and washed twice with serum 
free RPMI to remove free peptide. Cells were resuspended in 
200 Ml of serum free RPMI. In a microfuge tube the cell 
suspension was layered over an 800 Ml FCS and pelleted by 
centrifugation for 5 sec. Supernatants were aspirated and the 
radioactivity remaining in the pellet was measured (Micromedic 
automatic gamma counter, l min per tube). 

Examnle is 
aeptide s^Ti r 
treatment-. 

Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used by various groups to 
Identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is unique in that only the MHC 
class I molecules are destabilized (and peptides released) 
While all other surface antigens remain intact including mIc 
class II molecules. Most importantly, treatment of cells with 
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.^^^ .f^^B.-J^'??'^'^^^!^. :^^ exampjle: do ntot %!EEect the 

■ ■'<^^ii*s"~\^j^ii^^^ fj^. inet^olAc .,s^tex.j; ■i;Th4s: nii^v.'iisiai treatment 
lis rapXd sin^ endogenous pept£dc£B occurs in 

fundtion after the appropriate peptides, are loaded; In this 
exaaqpile ve utilized the technique to nuJce peptide specif ic 
AP(6fi for the generation of primary antigen-specific CTL. The 
resulting APC vere efficient in inducing peptide-specific CD6+ 
CTL. 

Moa^urfements hj^ FACS Analysis, PHA-induced T-cell blasts were 
acid stripped/peptide loaded accprdihg to the method^ 
described in Ex^ple 15. The resulting cells were stained for 
FACS analysis using anti-HLA-A? (BB7.2) and anti-HLA alpha 
chain-specific (9.12.1) monoclonal antibodies. Controls tor 
this experiment included the same cell population^ whibh was 
not treated at pH 3 (but treated with PBS buffer at pk 7.2) , 
and with ceils "treated with citraterphosphate buffer (to strip 
the MHC) but neutralized in the absence of /Saaie^og^^toulin and 
peptide. The results presented in Figure 15, ihdiea^^ that 
treatment of thes^ cells with the citrate-phosphate (jiH3) 
buffer significantly reduced (10-fold) the reactivity of the 
cells toward bbth anti-HLA class I antibodies al^ne 
(anti*HL&-A2 and the alpha chain specific), but not tcw^ards a 
monoclonal antibody specific for class II MHC molecule^ 
(anti-HLA-OR) . Most importantly, neutralization of the 
acid-stripped cells in the presence of ^2»icroglobuIin hnd 
peptide resulted in preservation of a significant amount of 
class I MHC antibody-reactive sites, with only a 2.5-f61d 
decrease in fluorescence intensity. Importantly, the 
acid-treated cells remained viable, as measured by trypan, blue 
exclusion and forward/ lateril FACS- scatter analysis, similar 
results were obtained using EBV-transformed B cell lines, 
fresh (or frozen) PBMC and other peptides (which bind to' 
either HLA-A2.1 or HLA-Al) (data not shown). 

Binding^6T Radiolabeled Peptides to Empty MHC Molecules, To 
determine the efficiency of peptide loading using the cold 
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temperature inctibation or acid stripping/peptide loading 
protocol, JY cells (an HIA-A2.1 EBV-transf ormed B cell line) 
were preincubated at 26 'c overnight or acid-stripped to remove 
the endogenous MHC-associated peptides and the loading of 
exogenous peptide was determined using a ^^Sj.j-j^^iQj^^jj^j^j^^^ 
HIA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells. 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . 



In Vitro Induction of Primary Antigen-SpQcific CTL Using Acid 
Stripped /Peptide Loaded APCS. Additional critical parameters 
for the induction of primary CTL using both the cold 
temperatiure incubation and acid strip protocol are: i) 
enrichment of CD8+ T-cells in the responder cell population 
(or depletion of CD4+ T-cells), 2) addition of rIL-7 to the 
CTL induction cultures from day 0, and 3) restimulation of the 
cultures with antigen on day 12-14 using autologous adherent 
cells pulsed with peptide. Results presented in Figs. 16 and 
17 show experiments performed using PBMC and PHA-induced T- 
cell blasts as AFC. Figure 18 shows experiments using PHA- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 



Example ifi 

Sgr?gn i nq peptides to ident^i'v m . epii-»pop , 

in order to identify CTL epitopes, CTL was stimulated 
by SAC-I activated PBMCs as APC. Cold temperature expression 
of the MHC in which class i ^-2 -microglobulin complex is 
unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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.-^''"f^^^^.^^m^.r'^^f^-'- Mie fcifisu^vcttilattW li^^ used in 
^ m"^^^^^ vitar ^ii^ kn<r ^i^glutamine 

r-^ci^Mit^^ (Glbcb) , iob b/loo ug/ml 

peiiiclllin/s^eptojnycin (Irvine) , -Huid 5% heit-iiiactivated 
Human Serum Type AB (RPMI/S% HS; Gemini Bi^,product^) . culture 
media used in the growth of EBV-transformed lin^s Contained 
10% heat-inactivated fetal calf serum (RPMl/io% Pc^, Irvine) 
instead of human serum. 

CytdkJjiBs. Recombinant human Interieukin-2 (rIL^2) and 
InterieuJcin-4 (rIL-4) were obtained from Sandoz and used at a 
final concentration of ip U/ml and lo ng/ml/ respectively 
Human interferpn-y (iFN-y) and recombinant human InterleuI^in-7 
(rlL-7) were obtained from Genzyme and uSed at 26 u/il and 10 
ng/ml, respectively. 

P^ptid^s. Peptides were synthesized at Cytel ari^ are 
described in Table 24 a. Peptides were routinely diluted in 
XOO* DMSb at 20 mg/ml, alig^oted, and stored at ^^O^WiJ 
user 

hu«m EBV-tr««,for«^ B cell line, .pressing HI* A, , ^ 

A,j, and A,,, respectively. They are grown in rpmi/10* pes " 

»«»i"ve, erythoblaatbia line griwn. m ' 
"WI/10% FCS. «,« uaed f or r«luctlon of background kiiiing i„ 
«^ assay. „.iano„ pell lines eithar exprasslng the hJe 
«tl,en, »el 397 and .el 938, or not «<pressing the »ige 
antigen; Bel 888, were also grown in RPMI/lo* rcs. 

Isolation Of Peripherai Blood jdononuclear cells fPBMCsl 
«hole blobd wai collacted into heparin containing .yrin^e. and 
spun xn socc tubes at isoa p-M ,B«*fcan GS-6kR, 'oris 
-xnutes. The i.ias„a layer was then re»oved and lo kl of buffv 
~.t was^collected With a pipette using a circular J^^lL 

Raa. «.e buffy coat ,30 .1, was then layered on 20 .1 of 
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Ficoll-Paque (Pharmacia) and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25»c, with the brake off. The interface 
between the Ficoll and the plasma containing the PBMCs was 
recovered with a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of RPm (1700, isoo, 
and 1300 RPM for 10 minutes) . Cells were resuspended in 10-20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration . 



freezing PBMCs, 30 million cells/tube (90% FCS/10% DMSO; 
Sigma) were inserted into a Nalgene Cryo l«c Freezing 
Container containing isopropanol (Fisher) and placed at -70»c 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 
. liquid nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37»C water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time) 
cells were diluted into serum-free RPMI containing 30 Mg/ml 
DNase to prevent clumping by dead cell DNA and washed twice. 

Jnduction of Primary CTL Using SAC-I Activated PBMCs as APCs 

*• PrgParatlpn of APCf^ ; PBMCs were purified using the 
standard Ficoll-Paque protocol and resuspended at 1 x lo^/al 
xn RPMI/5% FCS containing 0.005% Pansorbin cells (SAC-l cells 
expressing Protein A; Calbiochem) , 20 Mg/ml Immunobeads 
(Rabbit anti-Human IgM; Biorad) , and 20 ng/ml of human rIL-4 
Two ml of cells per well were plated in a 24-well plate 
(Falcon, Becton Dickinson) and cultured at 37»c. After 3 
days, the medium was removed and the cells were washed three 
txmes followed by addition of RPMI/10% HS. The cells were 
used after culturing for an additional 2 days in RPMI/10% HS. 

b. Expressi on of emni-v i^l t 



APCs and pentidi> i r. ,dino of ft poo, 

1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 
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^ in complete 

: human lEN-v, 

-^^ y UWm^ .SerxR^aT . The cells 

%r6ire tJi«i^»«^ ^ 2^6^C immi^pr^^nc^ of 5% 

COj. It should noted that these cells only express a 
fraction of Claps I moli^cules in the empty state (^10%) . 

b. Peptide loading of APC stipulator cells: 
Empty Class I expressing APCs were washed 1-2 tines with 
serxm free RPm (+ L-glutamine and Hepes) and resiiypended at l 
X 10 in serum-free RPMI containing SO ^g/ml total of the 
peptide pool (i.e. , 16.7 fig/ml of each peptide in a pool of 
three; 25 ^g/al of each peptide in a pool of two; 50 /*g/ml of 
individual peptide) , 3q /fg/nl DMAse, and 3 Mg/al 
Following a 4 hoiir incubation at 20^c, the cells W^e 
irradiated at 6100 rads (5 x ao^/ ml; 25 milliott celis/tube) 
washed and adjusted tp the appropriate concentration for ' 
addition to the inductipn culture (see below) ; 

2. Acid stripping: This was used ^s an 
^alternative method for generating empty mhC on th^ surface of 

f!,"^"^; '^^^^^-^ activated |>BMCs were washed once in cold 
0.9% sodium chloride (j.T. Baker) contaihing 1% bSA. The 
^ells weire resuspended at ipl/^ m cold citriteHjifiosphate 
buffer (0.13H i.ascorl,ic acid t J.T. Baker] , 0.6^ soc^um 
Phosphate monobasic tsigna) , pH3) contaihing i% BSA and 3 
Mg/«1 ^^m and incubated on ice. After 2 minutes; 5 volumes of 
cold 0.15M sbdium phosphate monobasic buffer pH7 S 
containing l* BSA, 3 Mg/ml^^m, and 10 Mg/»1 'peptide 
[neutralizing buffer /i] was added and the cells centrifuaed 
^ 1500 KPM for S minutes at 4.C. The cells wer^ r^sprilL 
tlL^^T^ containing 1% BSA, 30W*t DNase, 3 ^g/ml 

^microglobulin, and 50 Mg/ml peptide C neutralizing buff eT ^r, 
«d xncubated for 4 hours at 20.c. As above, subslguent'o 
the four hour incubation at 20.C, the cells were ir^diatel 

^j:s::rt^'t:^ ---^"-n ceiis/tube),\is^tL^^ 

adjusted to the appropriate concentration for addition to tL 
induction culture (see below) . °" ^® 
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c- Preparation of the CD4+ depleted pbmp resnonH^T- 
PPPmation f depletion of Ivmphoevi-e sub~popuiations n^^n q 
Alg f lasKg) t AIS MicroCellector T-150 flasks (specific 
for the depletion of CD4+ T cells; Menlo Peirk, CA) were 
primed by adding 25 ml of PBS/1 nM EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS/EDTA, 2 
additional times with PBS and then incubated with 25 ml of 
culture mediiun for 15 minutes. PBMCs were thawed "in 
serum-free RPMI (+ L-glutaaine + Hepes) containing 30 ng/ml 
DNAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 ng/ml DNAse. After 1 hoxir at room 
temperature, the flasks were rocked gently for 10 seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 
flasks were washed 2 times with PBS. The CD4+ T cell depleted 
PBMCs were centrifuged and counted for addition to the 
induction culture. The CD4+ and CD8+ phenotype of the CD4+ 
depleted cell population was determined by FACS analysis (see 
below). In general, this technique resulted in a two-fold 
enrichment for CD8+ T cells with an average of approximately 
40-50% CD8+ T cells and 15-20* remaining CD4+ T cells 
following depletion of CD4+ T cells. Depletion of CD4+ T 
cells can also be accomplished by antibody and complement or 
antibody coated magnetic beads (Dynabeads) . Depletion of CD4+ 
T cells served the purpose of enriching CTLp and removing 
cells which would complete for cell nutrients and may 
interfere with CTLp expansion. 

^ nflWt i PTl Of Pr i Tnr^TT <TL . During the 4 hour peptide 
loading of the stimulator kPCs. CD4+ depleted PBMC to be used 
as the responder population were prepared utilizing AIS flasks 
for selection of CD8+ T cells through the depletion of CD4+ T 
cells (above) . The responder cells were plated at 3 x lO^/al 
xn a 1 ml volume (24 well plate) and placed at 37-c until the 
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- :wie irradiated, 

peptide loadeg 4Pes,wsr,,««sfte4 i*«fi^"Tf„ SiS^iree, rtoi ,! 

I^l»t.»i„e ^ Hepe.,, adjusted to l^oV„x i„ ^^'^ 

PBMO, 1 X io« stimulator colls (i ■! volmie) wer. olat-d 
the veil, co„^i„*„g the respo«,er ceUs,- 4 Sc-I " 

p™L"i ' °' " "^'-^ -Wa^r celis^r 

Plated in each veil. * co«=e„tratio» of lo ).„^ Z 

addition! peptide was added i„ addition to lo ng/ ml till 
additional 10 rIL-7 yas ,dd.d to the culture «,d^« , 

~^:^::^:^ie::^at:d-i:— 

ana tested - >^.^i. .cS^H^:^ 
Rrotoool for Reetlnulatlon or Primary cro 

PBMCs were thawed into .erum,*rei r^,^^ ^fi«<^ yidherent JIPC. 
aepes , coniaihi^n, 30.,/.i p^^:: 

to 5 V 106 y«i 4« ^ ,^ w«*.oea 2 tines, and adjusted 

ml us 

^ th^P^Os w^e ^^^^.^^^^ ^ 
hours at 37.' walhed fT' ^ ««e incubated for 2 

rLsrr^t^ - — - ^^^^^ ' 

l.S X 10« r^-pondeTcells J ' ""^ "spisated and 

containing 20 „/.i rix.2 w^s Idde^?' ' °' '^'^ 

rACS Analysis,. One .liUon cells/tube were centw, . ' 

-c^inson,. and r^^ed^'H^^ r-rL':^::^^ 
- it was not posi-r- 



wo 94/03205 



PCT/US93/07421 



86 



35 



cells were fixed with PBS containing i% paraformaldehyde 
(Fisher) and analyzed within one week. 

Cytotoxicity Assay 

^ Tarqgt ggl l prgpflratriffn . Approximately 16-20 hours 

prior to the CTL assay, target cells (Class I matched 
EBV-transformed lines) were washed once and resuspended in a 
10 ml volume at 3 x loVml in RPMI/5% PCS in the presence or 
absence of lo ng/ml total peptide. 

^' Labeling of taycr«.f- ^''Mff- Target cells were 
centrifuged and resuspended in 200 nl/tvhe sodium ^^cr 
chromate (NEN) , then incubated at 37«c for l hour on a shaker 
Targets were washed 3 times (10 ml/wash) with RPMI/10% PCS and 
resuspended in 10 ml (to determine the efficiency of 
15 labelling, 50 /il/target was counted on the Micromedic 
automatic gamma counter) . 

c. fiEL-assax. Target cells were adjusted to 2 x loVnl 
and 50 Ml of the cell culture was added to each well of a 
U-bottomed 96-well plate (Costar Corp.) for a final 
20 concentration of i x lO^/well. K562 cells were washed once 
resuspended at 4 x 10^ /ml, and 50 Ml/well was added for a ' 
final concentration of 2 x loVwell (ratio of cold K562 to 
target was 20:1). Responder cells were washed once 
resuspended at 9 x lO^ml, and three fold serial dilutions 
were performed for effector to target ratios of 90:i 30-1 
10 :l, and 3:i. Responder cells were added in a volume of 'loo 
Ml in duplicate wells. Por spontaneous release, 50 Ml/well of 
labelled target cells, 50 Ml/well K562, and lOO Ml/well of 
medium was added. Por maximum release, 50 ^l/well target, 50 
Ml/well K562, and 100 ^l/well of 0.1% Triton-XlOO (Sig!a) was 
added. Plates were centrifuged for 5 minutes at 1200 RPM. 
laa^rr^ V incubation at 370c, plates were centrifuged 

agaxn for 5 minutes at 1200 rpm, and 100 Ml/well of 
supernatant was collected." standard gamma counting techniques 
(Micromedic automatic gamma counter; 0.5 minutes/tL) T.rT 
used to determine the percent specific lysis according to the 

rlZsV^l^" "'^'^ " experimental - cpm spontanls 

release/cpm maxxmum release - cpm spontaneous release x loo. 
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A cytotoxicity assay (CTL assay) was considered positive if 
the lysis by CTL of targets sensitized with a specific peptide 
at the two highest effector to target (E:T) ratios was 15* 
greater than lysis of rcon^^ (i.e., target cells 

5 without peptide) . A cytotoxicity assay (CTL assay) was 
consideired borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 
to target (E:T ratios was 6% greatfer than lysis of control 
targets (i.e., target cells without peptide). 
10 d. Eesults. Of the peptides that bind to the indicated 

alleles, 9 of the 49 MAGE peptides, lO of the 45 HIV peptides 
3 Of the 25 HCV peptides, and 2 of the 20 HBV peptides tested' 
to date induced primary CTL In vitro. Representative graphs 
Illustrating CTL responses to various immunogenic peptides are 
15 Shown for mage (Figure 22), HIV (Figure 23), HCV (Figure 24) 
and HBV (Figure 2) . The CTL induction data are summarized in 
Table 24 which lists the immunogenic peptides which bind to 
the appropriate MHC and induce primary CTL in vitro 

0 ^^'VV V ^ ^ ^-^^^^'^ ^ecruence, corresponding intig^n and 
0 HLA allele to which it binds. Results shown in Figure 20 

t^ae^f^irt' °' ^^""^'^^ -nsitized targets and endogenous 
targets following stiumlation with SAC-I activated pbmcs 
loaded With a MAGE 3 peptide, 1044.07 by the cold temperature 
and incubation technique. Figure 21 shows a comparison of the 
5 acid strip loadirig technique (Panel a) with the cold 
temperature incubation technique (jiahel b) . 

^ Although the present invention has been described in 
some detail by way of illustration and example for pug^ ^ 
> Clarity and understanding, it will be apparent that^^: 

Ranges and modifications may be practiced within the scope of 
the appended claims. ^ 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 




Sequence 


MOCif 


Al 


AAOKAAAAY 


Al 


SO 


A7AXAAAAY 


Al 


15 


ATDKAAAAY 


Al 


2.8 


AIAKAAfUlV 


A2.1 




AMAAAAAAK 


A3. 2 




ATAAAAAAK 


All 




AYAXAAAAP 


A24 





All A24 



125 



329 
9250 

48 

59 



15 •A dash indieacea an rr 

an IC50 greater than 20,000 nM. 



77 
840 

8.4 
40 



KD 



115 



20 



25 



30 



SEOUENCE 
AADKAAAAAY 
ATAKAAAAAY 
ATDKAAAAAY 
ALAKAAAAAV 
AMAAAAAAAK 
ATAAAAAAAK 

*A dash indicac 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 



Bindi 



ng Capacicy (ic, 



SO nM) 



MOTIF 

Al 

Al 

Al 
A2.1 
A3. 2 
All 



Al 
45 

58 
4.0 
ND 
ND 



A2.1 



1400 



« an ICso greater chan 20,000 



A3. 2 

1100 
10000 

85 

216 



All 

1030 
4533 

24.0 
88 



nM. 
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TABLE 15 
HLA.A3.2 
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TABLE 16 
HLA-All 



10 



15 



20 



25 



PEPTIDE 




SEQUEUCE 


AVERAGE RATIO TO 952.25 


o UB5TI TuTI ON 


952.25 




AIJlAAAAAir 


1 




1 




AMAAAAAAX 


2.5 


position 2 






AAAAAAAAX 


1.1 




1 792 .24 




AIAAAAAAX 


0.72 




7 O X • UO 




ATAAAAAAK 


0.55 




7 o 1 . U4 




ASAAAAAAK 


0.46 




Q ft 1 no 
7 ox • us 




AGAAAAAAK 


0.38 




952.23 






0.23 




981.11 




AKAAAAAAK 


0.23 




981.13 




AGAAAAAAK 


0 . 019 




981.08 




APAAAAAAK 


n o9 n 

V . U2U 




981.12 




AOAAAAAAK 


u . U12 




981.05 




AKAAAAAAK 


w • uud d 




981.07 




AYAAAAAAK 






981.10 




APAAAAAAK 






952.35 




ALAAAAAAR 


0.015 


posicion 9 | 


981.33 


ALAAAAAAA 


<0.0059 




981.34 


AUVAAAAAN 


<0.0071 




981.35 


ALAAAAAAQ 


<0.0051 




981.36 


ALAAAAAAY 


<0.0071 




981.37 


AJLAAAAAAS 


<0.0051 




981.38 


ALAAAAAAT 


<0.0051 




981.39 


ALAAAAAAE 


<0.0071 
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TABLE 27 
HLA*A24 
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TABLE la 



HLA-Al 



10 



15 



20 



25 



30 



PEPTIDE 
982.011 
982.07 

982.09 
982.13 
983.08 
954.09 
954.11 
954.13 
982.10 
982.11 
982.12 
982.14 
982.15 
982.16 
982.17 

982.24 
982.23 
982.28 



982.32 

982.25 

982. 2£ 

982.27 

982.30 

982.31 

982.29 



SEQUENCE 

ATDKAAAAY j 

ATAKAAAAY | 

ASAKAAAAY 
AMAKAAAAY 
AAAKAAAAY 
AIAKAAAAY 
AZAKAAAAY 
AVAKAAAAY 
AKWCAAAAY 
ANAKAAAAY 
AOUCAAAAY 
AGAKAAAAY 
APAKAAAAY 
AYAKAAAAY 
AHAKAAAAY 

ATAKAAAAA 
ATAKAAAAF 
ATAJCAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 
ATAKA AAAK 
ATAKAAAAl 
ATAKAAAAP 



AVERAGE RATIO TO 982.07 



SOBSTITOTION 



Mocif 
1 

0.17 
0.095 
0.0064 
0.0045 
0.0045 
0.0020 
0,0011 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0.0001 
<0.0001 
<0.0001 

<o.oooa 

<0.0001 
<0 . 0001 



I 



position 2 
no D in pos 3 



position 9 
no D in pos 3 
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TABLE 19 
HIA-Al 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-AI 



10 



15 



20 



Orgin 


First aa 
Posicion 


Sequence* 


Binding Racio 
CO Standard: 


E6 


80 


ISEYRHYAY 


3 .500 


B6 


69 


VADKALKFY 


0.240 


B7 


44 


OAEPORAHY 


0.029 


E7 


37 


EIDCPAGQA 


0 .025 


E7 


19 


TTDLYAYEQ 


0.023 


E6 


144 


MSAARSSRT 


0.019 


E7 


73 


HVDIRTLEO 


0.014 


E6 


139 


«m>RAMSAA 


0.010 


E6 


61 


YROGNPYAV- . 


0.008 



Motif 
Prediction 



Bold A-s indicace residues in which cysce.ne was replaced alanine 
The average IC^, value ,SE of the standard in the course of the 
experiments considered in this table was 81*30 nM r ! 
are peptides yielding ratio values of .0.0 ot^e'r '^'^ 

yielded racio values of .o.ooi. " Pepcides 
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Table 20 (C) 







HPVI6 E6 and E7 Peptides Binding to HLA-Al 1.2 




5 


Oz^xn 


Pirsc aa 
Posicion 


Sequence* 


Binding Racio 
to Scandardt 


Motif 
Prediction 




E6 




I I LEA V YAK 


6 .7000 


♦ 




£€ 


o ^ 
9 J 


TTLEOOYNK 


1 .8000 






E7 


69 




1 . 3000 




10 


E6 


7 


AMFODPOER 


0.8400 






B6 


59 


IVYRDGNPy 


0.4700 


- 




B6 


60 


ISEYRKYAY 


0.4300 






E6 


37 


AVYAKOOLL 


0.0450 




ES 


145 


SAARSSRTR 


0.0330 




15 


ES 


107 


LIRAINAQK 


0.0120 


♦ 




El 


58 


AAKADSTLR 


0.0110 






£6 


42 


OOLLRREVY 


0.0084 





20 



25 



30 



E€ 
ES 
E7 
E6 
E6 
E6 
E6 
B7 
E7 



143 

79 
67 
52 
66 
69 
38 
140 
90 
51 



AMSAARSSR 

KISBYRHYA 

YAVADKALK 

YNIVTFAAK 

AVAOKALKF 

VADKALKFY 

VYAKOOLLR 

TGRAMSAAR 

VAPIASOKP 

KYNIVTFAA 



0.0064 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



Bold A's indicate residues in which cysteine was replaced by alanine 
Brackets indicate score according co adjusted mocif. 
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10 



15 



20 



25 



E€ 
E€ 
B£ 

E€ 

B6 

B6 

B6 

ZS 

E6 

£6 



87 
72 
131 
49 
49 
82 
26 
66 
1 

65 
44 
38 



Sequence* 

AYSLYGTTL 
KXLKFYSKI 
RFWIRCRW 
RAHYNIVTF 
VVDFAFRDL 
EYRHYAYSL 

LorriHDii 

PyAVXDKXL 
MHOKRTAMF 
HYAYSLYGT 
XXRREVYOF 
VYAKQQLLR 



0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0.0460 
0.0200 
0.0055 
0.0049 
0,0037 
0.0023 
0.0011 



^ Bold A* a Vindicate residues in which cvacein* w*. ^ 

* Ttoe average 1C.„ value ,SE of rh! 1 ! '^Placed by alanine. 

experi««nls,co§SiSreliftSfs''?Ln'Cfr^,^^ Che 
vf!lS2''^***'f yi«"ing racio v'iu^if 1^ 0??** ^^i i« table 

S litltl^ 'f4? of «0.00i; »0.001. All other peptides 

Brackets indicate score according to adjusted motif 
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< r- o 

7C 7C X 7C X 



3 
n 

a 



lO ^ ^ 



— I — 



o 
o 



z 
o 
w 

CO 



*o 3 ^ 



— ^ I CO 



4** 

Kl lO Ui Ui ^ 
• O • Ul ^ 
Ui «^ 



> 



z 
o 
n 



z 



So 
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< r «on> 



3 

CD 



^ ^ \o 



w u) ;i uj 



O O 



s 

o 



U) 2 Ul I 2 



= 5 S;^ 



oo 



z S 

"5 

93 



MM 



= Sis 



X 



z 
o 
m 



I ^ 
CO 



2 U ° • * o o o 



K> ^ ^ U# Ki 
o W ^ O lO 



3 

r 
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AX2 



All 1 



19<7 I ' 



I 



X7 



TixEnTcyyy" 




OflOtT f 

" 0 ) 



vans I 



I W4 I 



cnTAiWEr 



to 

10 



\ to I e>aEE r 



* 733 < 



1» I I 

"tin r 



OfiU 



MGDLVDAJEEY 



to I c^fua 



iq«gmaut 

WldUKR 



1014 t 



» 1 



"TxiT 



T 



I 



juvnmc 



Xll 



OA 



Xll 



0.17 



Xll 



UOD I 



TVCAOQojr 



Xll 



OflDIS I 



tiSV t 



nuynxFHK 



an 

714 



Xll 
Xll 



T 



TTxT 
Txir 



a«» i 



fT 



T 



0lfll4 



I Xll 



ftau 
ojxn 



KVUtOnSTK 



KtVHKDUUUt 
' UUVYMMVK 



VtVKgWHVtC 
HTVrWDQLFIt 



t-itzy I 

U14) I 



tUCOCVLIQK 
LVSCF5RMAX 



10 



cwpcnj 
cvAHcrscvir 

WICtUOtK 
CtACHQtCAK 



107 

10 I 



Xll 



0J3 



an 



€*£« 



I4i i Xll 



SSL. 
ftflttg 



QiV3 



i TO I xir 



101 
10 I 



Xll 
I Xll 
Xll_ 

t *n I XII 
117 I xn' 



I 



XII 



OlOQ 



ttODM 

ami 



0014 
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ixon I 



40» I 1 I am* 



All t A34 



ixaw t 



PLKESIVCr 



I f 1 

I 10 I 



t SO I 



0010 



i 401 I 

I Ml I 



oou 



I 10 I EBNA1 
* » I EBMAI 



0014 



1.10»» I 

ixor I 



E»IA1 I 
EMA1 I 



I 514 t xn 



0l41 I 

ai2 



STB I 



xn 
xn 



I 10 I 

I 10 r 



EBWA1 
EBNAI 



oao 

OiBB 



I 5g t XII 



0J1 
I 0.054 I 
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Vlnu 



M«Hf At 



AXX 



All I AM 





1 1 fTTA^I Y 


• « 


t HBV 
1 HBV 
I HBV 


mt 
•at 

1 AiX 


POL 


1 ton 

1 1.113 


1 

1 
I 




35 
17J 
tJ 


00007 


0 

1 0 


\ ( 
1 






• • 
f 


1 HBV 






i \J2\ 1 




ots 




0 








1 f 




1 adr 
•air 


POL 
POL 


1 13B3 1 1 
tlBO i t 


QJ7 
090 


0 


0 






LT1QQinM.Y 


t 9 
t 9 


t HBV 


! ^ — 




toaoi 1 


OOfS 










9 


t HBV 


1 *»' 


POL 


49 1 t 


omM 






5JM7 


MTTDLEAY 


9 


HBV 






USOl I 


(L047 










9 


HBV 


t ^ 




9B4 1 t 


0057 


— \ — 




mu 


ffiWAFAICY 


9 


HBV 






3M 1 1 


OOM 






1011* 


QSAVIXEAY 


9 


HBV 






BBt 1 t 












9 


HBV 




POL 


1' t 


OOlf 








g m j yirrv 


9 


HBV 




1 POL 


tOBI 1 1 














9 


HiV t a/fw 1 




OOU 












9 


HBV 






LSM 1 1 


OOll 












9 


HBV t arir I 


lJ» 1 I 












PW t nTAAAl V 


nr" 


HBV 


•gr GOK£ 


41f 1 1 


ILl 


0 


0 




1 nnv 


11 mvncL Y 


rioi 


HIV 
HBV 


All . 


1 ENV 






4J 

4J 


017 


0 




YAM 
t Mil 


L9-DVS^UiFY 
F^CJCJQ^^^^LY 


to 


HBV 


air POL 






1.1 


00)4 


OOMB 


oan7 




OnCKKllU.Y 


10 


HBV 








LI 




0012 






KTtCnOilLY 


to 


HBV 


2: 1 






OdB 


OS9 


OS 


0 




tcrvtaucLHLY 


to 






POL 


1 tOBB 






OS7 


osa 


OJB 


ocmt 




oncuoifLY 


10 


HBV 


2Zz 


1 


LOV 1 1 


0J7 




OOlt 






icncnoiiLY 


to 


HBV 






tow 1 t 


034 


0044 


OOK) 


0 


IXDil 


icncuaiiLY 


10 








LUB 1 I 


OJO 


OU 


OiH 


0 




LjQOPSVKALY 


to 


nw 




1 


UO 






on 


0014 


0 




\jamk 


T7FAOd»lY 


10 


t%Vw 






2BB 1 




0 


0 








to 


nvr 






UXB 1 1 






0 






pUnCCDffYY 


to 


nww 


«dr 




MB \ t 


014 


0 


0 






HSASFQCSPY 


to 


HBV 






1 1 t 


015 




0017 


0 




ctTimvi Ml Y 


to 




«dw 




t27f 1 t 


012 


0 


0 








to 


HBV 


adr/adw 


I 


7M 




Oil 






0 






to 


HBV 






414 
















"ton 


HBV 1 




( 


















to 
to 


HBV 


•dr 
«dr 


\ 


79 
2» 




OOIB 










KSVQHLESLY 
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nww 






L10 




0OI4 










NLYVSJJXY 


tc 
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t POL 






OOU 








1il901 


WMMWYWCrSL 


to 




•dr 




» 


11 




0019 


0 




7 fwwm 


1 LLYQTPCXK 


9 


HBV 




POL 


10M 






IJ 


OM 






t iWAitnmc 


9 


HBV 




; „ 


713 






099 


1^ 




2£DB 


i cuQsrvRK 


9 


(iBV 












014 


ftax 




50QM 


1 SAGWU 


9 


HBV 




1 POL 


SJ1 








0047 




ZiXF7 


j HLHQCXIKK 


9 


HBV 




1 POL 










OIMI 






IflQf 


t SLTQCHUOK 


1 to 


1 HBV 




POL 


1117 


r 






0J4 


4J 




2,004 


1 94^900CT1C 


1 to 


HBV 


•dr/adw 




as 








041 


IJ 






1 9^f^n^50CCTK 


t to 


HBV 
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IJ 


1J9 
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. 10 


1 HBV 




I POL 
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tJ 
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Peptide ZD / 

777.03 
10 924.07 
927.32 
938.01 
939.03 
941.01 
15 1044.04 
1044.05 
1044.06 



Table 25 a 
Peptides Synthesized 
by Cytel Ppj: Loading 
Onto Acid Stripped 
Autologous PBHCs and 
PHA Blasts 
Antigen 
HBs 
HBc 
HBp 
MAGE 1 
PSA 
HBc 
PAP 
PSA 
PSA 



Sequence 
FLLTRILTI 
PLPSDFFPSV 
GLYSSTVPV 
£AOPTGHSY 
VLVHPQWVL 
FLPSDYPPSV 
ZLLWDPXPV 
KLQCVDLVHl 
MLLRLSEPAEL 



20 



25 



Table 25 b 
Cell Population 



JY acid stripped 
JY acid stripped 
JY control 
JY control 



"*I-Labeled 

Peptide +/- cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n 
n 
n 
n 



3 
1 
3 
1 
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WHAT TS CIATMKn Tfi- 

1. A composition comprising an immunogenic peptide 
having a HLA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, h and F; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 
N~terminu8 . 

3. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
* third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-terminus . 

5. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s and M; and 
a second conserved residue of Y; 
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/^^^^^^^ ^AFft^ and second conserved residues are 
iseparated by 6 to 7 residues. 

6. The coBppsitionof Claim 5, wherein the first 
conserved residue is at the second position from the 

tl^r'"""?."'' second conserved residue is et the ninth or 
tenth position from the N-terminus. 

^' ''^"P^^^^^^" comprising an immunogenic peptide 

having an HIA-Al binding motif, vhich l».unogenic peptide iLs 

from the N-terminus to the C-terminus. 

a first conserved residue of D, E, A, S and T; and 
a second conserved residue of Y; 

Wherein the first «,d second conserved residues are 
separated by 5 to 6 residues. residues are 

8. The composition Of claim 5, Wherein the first 
^nserved residue is at the third position from the K-t^ils 
and the second conserved residue is at the ninth or tentT 
position from the N-terminus. 

9. A composition comprising an immunogenic Dentin- 

1^9^ T'L" ''"''"^ -^'^ peptide has'^^l^er 

about 9 and about lo residues and the f ollowino r««4H , 
the Nterminus to the C-terminus: residues, from 

a first conserved residue of r M t tr « ^ 
Q, C, F, D, E; and ' ' ^' ^' ^' 

a second conserved residue of K, R h- 
wherein the first and second conse^ed residues 
separated by 6 to 7 residues. residues are 

10. The composition of claim 9. wher«i« ♦-k 



35 N*terminus 



11. A composition comprisincx a« <^ 
having . ^in^ir^ 

y wtxt, wnich immunogenic peptide 
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has between about 9 and about 10 residues and the following 
residues, from the N- terminus to the C- terminus: 

a first conserved residue of Y, W; and 
a second conserved residue of p, i, l, W, m* 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



12. 



The composition of claim li, wherein the first 
conserved residue is at the second position from the 
N-terminus. 



13. A composition comprising an immunogenic peptide 
having an HLA.A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, l, M, t, and V 
and a second conserved residue at the c terminal postion ' 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
havxng an HU^-All binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from tTe 
N-termxnus to the Cterminus: 

the M t * ^^""^ °°"««^«<i residue at the second position from 
the N termxnus selected from the group consisting of A i l 
M, T and V; and 9 or a, i, l, 

selected from^^e — erved residue at the c terminal position 
sexected from the group consisting of K; 

Wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 
»vxng . HIA-A3.2 binding „otif, which llmunogenlc peptide has 
residues, from the N-tenuinus to the C-terminus: 
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15 



20 



25 



30 



. ^ fir^t qpnserved residue selected from the group 

consxBting L, m, I,.V,.S..A. F, Cv G, D axid e; ^ 
a second con^ex^ed residue Of K/ R and y ; 
wlierein the, first and second cbnsferved residue^ are 
' separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-Al binding motif, which immunogenic ^eptidn^s 
between about 9 and about lo residues and the folLwing 
residues, from the N-terminus to the C-terminus; 

a first conserved residue of T, s and M, and 
a second conserved residue of D, A, s and T- 
a third conserved residue of Y; ' 
Wherein the first and second conseinred residues are 
separated by i residue and the second and third con^SleV 
resxdues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an imm^ogenic peptide 
having a HIA-Al binding motif, which immunogenic prTtldeT 
between about . and about lo residues and t^e f li^^i"'^ ""^^ 
residues, from the N-terminus to the C-ter»i„J? ' 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr- 

havxng a HLA-Al binc^fn^ -^-uaunogenic peptide 

terminus to the C-terminus: 

a first conserved residue of D, E, S, T; and 
\* eecond conserved residue of Y; 
Wherein the first and second conserved r««iH» 
separated by 5 to 6 residues. residues are 



wo 94/03205 



PCT/US93/0742I 



122 

19. A pharmaceutical composition comprising a 
pharmaceutically acceptable ceurrier and an immunogenic peptide 
having a HIA-A24.1 binding motif, which peptide has 

a first conserved residue of Y, F, W; and 

a second conserved residue of F, I, L, W, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



20. A method of identifying an immunogenic peptide 

comprising the following steps: 

determining a binding motif for an MHC molecule 

encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 

protein for the presence of the binding motifs- 
selecting a sequence in the antigenic protein having 

the binding motif; 

preparing a test peptide of about 8 and about ii 
residues comprising the selected subsequences; 

determining the ability of the test peptide to bind 
to the preselected MHC allele and induce a CTL response, 
thereby identifying immunogenic peptides. 
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Figure 9 



10/25 



PCT/US93/07421 




peptide 



Figure 10 



11/25 



fCT/Ub93/07421 




figure 11 




Figure 12 



13/25 




figure 13 
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Figure 20 
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Peptide Screening: 
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Figure 24 
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Figure 25 
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